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PREFACE  TO  THE  SIXTH  EDITION. 


Thk  changes  and  additions  in  this  work,  as  successive  editions  have 
been  issued,  have  been  confined  mainly  to  physics  and  physiology  and 
the  department  of  nervoas  diseases,  where  electricity  has  wrought  its  best 
restslts.  While  this  agent  is  far  from  being  a  panacea,  yet  its  increase 
w>g  ntngc  of  usefulness  in  medicine  may  be  best  illustrated  by  reference 
to  these  various  additions.  In  the  second  edition  the  chapters  on  Elec- 
tro-Physics and  Physiology  were  largely  rewritten  ;  the  method  of  cen- 
tral galvanization  described  and  illustrated,  electro-surgery  more  fully 
Created,  and  the  relation  of  electricity  to  the  diseases  of  children  and  of 
tiaetkin  considered  in  detail.  In  the  third  edition  were  given  the  highly 
satisfactory  results  following  the  treatment  of  exophthalmic  goitre  by 
galvanization  of  the  sympathetic,  and  of  some  of  the  sequelae  of  acute 
<liseaae$  by  general  faradization.  The  chapter  on  Electro-Diagnosis 
«lfO  was  largely  rewritten.  A  fourth  edition  was  rendered  necessary 
by  a  revival  of  the  use  of  Franklinic  electricity,  due  to  vastly  improved 
appliances,  and  contained  also  the  extraordinary  results  following  the 
application  of  dynamic  electricity  to  cases  of  extra-uterine  pregnancy. 

The  fifth  edition  discussed  facts  hitherto,  and  even  now,  but  little 
Appreciated,  concerning  the  induction  coil,  its  varieties,  and  the  dif- 
ferential indications  for  their  u$c.  These  statements  the  author  deems 
worthy  of  careful  consideration,  and  believes  that  further  experience 
will  result  in  still  more  important,  as  well  as  more  definite,  deductions. 
IITithm  the  past  two  or  three  years  Apostoli,  of  Paris,  has  by  his  ex- 
fMrriraenis  and  the  results  that  he  has  succeeded  in  obtaining,  greatly 
enlarged  the  domain  of  electricity  in  gynecology.  The  revision  in  the 
present  edition,  therefore,  has  been  mainly  restricted  to  this  subject,  and 
the  chapter  on  the  Diseases  of  Women  almost  entirely  recast.  The 
methods  through  which  these  better  results  in  gynecology  are  obtained 
<3o  but  confirm  the  truth  of  the  observation  made  in  the  Preface  to 
the  third  edition,  to  the  effect  that  the  real  scientific  basis  for  the  use 
of  electricity  in  medicine  and  surgery  is  found  in  electro*physics  more 
ttea  in  electro-physiology. 

A.  D.  ROCKWELL. 
46  East  TuiRTY-ruisT  SraBrr,  New  York. 
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PREFACE  TO  THE   FIFTH   EDIT 


A  FIFTH  BDiTioN  of  this  treatise  is  called  for,  but  I  fine 
to  add  comparatively  little.  The  few  pages,  however,  thi 
inserted  in  Chapter  VII.  (division  of  Electro-Therapeu 
"Induction  Coil:  Its  Varieties,  and  the  Differential  In 
their  Use,"  are  important  and  worthy  of  careful  considera 

While  none  of  the  facts  in  physics  there  presented  can 
new,  yet  there  has  been  no  general  appreciation  of  them, 
knowledge  that  such  facts  existed,  even  among  those  wl 
endeavoring,  in  a  blind  sort  of  way,  to  utilize  them.  As  to 
ments  that  are  made  along  the  line  of  therapeutics,  the 
can  say  of  them  is  that  they  are  the  result  of  much  ex 
of  very  many  carefully  recorded  observations.  If  presen 
measure  of  clearness,  they  should  be  of  service  to  those 
tercsled  in,  but  have  given  little  thought  to,  the  matter, 
tions,  together  with  a  brief  discussion  of  the  subject  of  c 
cellulitis  in  its  relation  to  electricity,  and  a  description  oi 
for  the  permanent  removal  of  supertluous  hairs,  comprise 
important  ;  and  a  now  edition  is  again  offered  to  the 
the  belief  that,  aside  from  that  considerable  portion  ori| 
authors  and  peculiar  to  this  work,  it  also  comprehend 
real  value  pertaining  to  the  subject. 


PREFACE    TO    THE    FOURTH    EDITION. 


It  is  with  much  satisfaction  that  Dr,  Rockwell  offers  to  the  profession 
1  fourth  revised  edition  of  this  work.  When,  with  the  late  Dr.  George 
M.  Beaid,  he  first  sent  it  forth  upon  its  mission,  a  pioneer  in  a  neg- 
lected and  perhaps  despised  department  of  medicine,  it  was,  both  on 
the  part  of  authors  and  publishers,  with  some  misgivings  as  to  its  suc- 
cess. While  the  measure  of  its  merits  as  a  guide  in  the  department  of 
which  it  treats  may  fall  far  below  the  generous  reception  accorded  to 
it,  both  at  home  and  abroad,  the  fact  that  each  successive  edition  has 
been  exhausted  more  rapidly  than  its  predecessor,  notwithstanding  the 
widening  literature  of  the  subject,  affords  ample  encouragement  for 
ftuther  revision. 

The  chapter  on  Franklinic  Electricity  has  been  entirely  rewritten. 
This  was  rendered  necessar>'  by  the  many  improvements  in  apparatus 
and  appliances,  and  its  great  value  as  an  adjunct  or  supplement  to 
dynamic  electricity.  But  perhaps  the  most  important  of  the  new  mat- 
ter that  has  been  introduced  relates  to  the  experience  of  the  author  in 
djc  treatment  of  Extra-Uterine  Pregnancy, 

Formerly,  as  is  well  known,  these  cases  resulted  either  in  immediate 
death,  through  rupture  of  the  distended  tube,  or  in  protracted  suffering, 
with  frequently  a  fatal  ending,  through  the  efforts  of  nature  to  rid  itself 
of  the  foetal  mass.  The  only  other  alternative  was  the  knife,  with  its 
Attendant  dangers.  By  the  method  described,  however,  and  used  with 
IDch  complete  success  in  every  instance,  this  abnormality  of  pregnancy 
need  not  in  the  future  be  regarded  as  such  a  dreaded  complication  as 
it  has  been  in  the  past. 

Extra-Uterine  Pregnancy  is  doubtless  more  frequent  than  is  generally 
supposed,  and  because  of  the  difficulty  of  an  early  diagnosis,  death  fre- 
qaently  occurs  without  any  previous  knowledge  of  the  existing  condi- 
tion of  affairs.  It  behooves,  therefore,  every  practitioner  to  be  on  the 
alert  for  this  condition  in  its  earlier  stages,  when  this  method  of  treat* 
Ricni  is  so  efficacious. 


PREFACE  TO  THE  THIRD  EDITION. 


In  issuing  a  duid  edition  of  this  work  I  hare  endeavored  to  make 
such  additions  as  seemed  necessary,  and  at  the  same  time  aT<nd  an 
increase  in  size.  This  has  been  accomplished  by  condensii^  vhererer 
possible,  and  omitting  portions  here  and  there  which  have  served  their 
purpose  and  are  no  longer  of  value.  Two  new  chapters  on  the  Sequelae 
of  Acute  Diseases  and  on  Exophthalmic  Goitre,  respectively,  have  been 
inserted,  while  several  pages  in  the  discussion  of  Electro-diagnosis  have 
been  omitted,  and  the  space  occupied  by  later  and  m<we  exact  infor- 
mation. The  chapter  on  Diseases  of  \V<Mnen  has  been  revised,  and 
the  clinical  additions  will  be  found  interesting  and  suggestive,  while  in 
the  discussion  of  Midwifery  the  complication  of  Extra-Uterine  Preg> 
nancy  is  fully  considered. 

These,  together  with  many  other  changes  axnl  brief  additions 
throughout  die  work,  have,  it  is  believed,  materially  enhanced  its 
practical  value. 

Tbe  position  of  electricity  in  the  front  rank  of  sedatives  and  tonics, 
and  ibe  pre-eminent  value  of  the  naethods  <^  general  £uadization  and 
centra!  galvanization,  as  means  of  obtaining  the  full  measore  of  these 
exfecis  (claims  in  regard  to  which  the  authors  of  this  work  once  stood 
ak>ne^.  have  now  been  so  kMng  conUnued  by  expert  observation  in  this 
country  and  Germany  that  extensive  demonstration  of  these  pn^po- 
sadons  by  cases  is  less  needed  than  fonnerhr. 

It:  regard  to  the  theory  of  I>r.  Thomis  W.  Poole,  of  Lindsay, 
Casadi,  that  electricity  is  esssentially  a  paralyzii^  'tgent,  and  that  its 
«>iaive  aivi  tonic  effects  are  due  to  its  )uralyzing  power,  this  m^  be 
sAi<: :  Thai,  granting  for  a  nKw>en:  the  fall  claim,  it  jrel  remains,  that 
prac:acil".y,  we  do  obiain  tn>:M  the  use  oi  elecaidty  sedative  and  tonic 
esects  similar  to  those  which  we  obtain  finoro  a  vast  nuaiber  of  other 
remcdia]  agencies.     .\Uowix^  that  these  edects  are  lesaltaBts  of  a 
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paralyzing  influence  it  is  none  the  less  justifiable,  on  scientific  and 
pnctical  grounds,  to  use  the  terms  sedative  and  tonic. 

The  final  rationale  of  no  work  or  remedial  force  of  any  kind  is  com- 
pletely known  to  science,  and,  for  practical  tiscs,  it  is  not  necessary 
that  it  should  be  ;  we,  perhaps,  know  as  much  of  the  rationale  of  elec- 
tricity as  of  any  agent  that  we  use  for  the  cure  of  disease. 

The  more  thoroughly  one  studies  electro-therajjeutics  in  all  its  re- 
lations, medical  and  surgical,  the  clearer  it  becomes  that  the  real 
scientific  basis  for  the  use  of  electricity  in  medicine  and  surgery  is 
(bond  in  electro-physics  more  than  in  electro-physiology ;  and  for  that 
reason  it  did  not  seem  wise  to  very  much  abbreviate  the  portion  of 
this  work  alloited  lo  that  department.  The  rationale  of  general  fara- 
<fi£ation  and  central  galvanization,  for  example,  can  only  be  under- 
iiood  by  those  who  have  grasped  the  elementary  principles  of  electro- 
physics,  the  laws  of  resistance  and  conductibility,  and,  above  all^  the 
Uw  of  Ohm,  lo  which  we  have  assigned  a  special  chapter.  Those  who 
have  been  once  well  grounded  in  these  laws  of  electro-physics  find  that 
the  various  special  ]jroblems  that  arise,  whether  of  a  theoretical  or 
practical  character,  very  quickly  resolve  themselves. 

Now  that  electridty  has  become  popular  in  medicine,  there  is,  ia 
some  quarters,  a  temptation  to  overdo  the  application,  not  only  in 
ttrength  but  in  length  and  frequency  ;  to  treat  all  cases  alike  by  rou- 
tine, Djcchanical  applications,  regardless  either  of  the  disease  or  the 
idiosyncrasies  of  the  patient  ;  hence,  in  cases  not  a  few,  come  results 
cither  negatively  or  temporarily  injurious,  with  disappointment  on  all 
tides. 

The  dosage  of  electricity  is  a  special  stiidy  of  the  greatest  practical 
importance  ;  the  difference  in  result  between  a  very  gentle  and  short 
application  and  a  very  strong  and  protracted  one  being,  in  some  cases, 
all  the  difference  between  agreeable  success  and  painful  failure. 

There  are  persons  who  must  be  treated  not  only  mildly  but  at  long 
blcrvals»  and  there  are  persons  with,  perhaps,  the  same  maladies  that 
can  bear  with  advantage  powerful  and  frequent  applications  ;  to  dis* 
tingnish  between  these  classes  and  the  various  gradations  that  lie  be- 
tween tlie  extremes  of  tolerance  and  of  susceptibility  is  the  first  duty, 
an(J,  oftentimes,  the  hardest  study  of  him  who  makes  much  use  of 
ekctricity  in  naediciue. 
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A  FEW  weeks  after  the  publicarion  of  the  first  edition  of  I 
1871,  we  were  informed  by  the  publishers  that  a  new  editic 
called  for.  From  that  time  to  the  present  moment  niuc 
been  expended  on  the  thorough  revision  of  the  work  in  al 
ments.  As  much  time  and  toil,  it  is  safe  to  say,  have  been  j 
edition  as  to  the  first ;  and  the  work  as  it  now  stands  re 
accumulated  and  thoroughly  sifted  experience  from  our  en 
this  specialty,  as  well  as  a  full  and  exhaustive  r6sum6  ofj 
been  accomplished  by  other  authorities  everywhere. 

About  one  year  ago,  white  this  edition  was  in  press,  we 
solved  the  professional  association  that  had  existed  for  sii 
during  which  all  our  writings  on  this  subject  had  appearec 
solution  of  our  business  relations  has  not  affected  the  p 
except  so  far  as  to  delay  somewhat  its  publication. 

The  success  of  the  first  edition  of  this  work  has  far  st 
highest  hopes ;  and  our  belief  is  that  it  may  have  done  s 
raise  the  standard  of  electro-therapeutics  as  well  as  to  p< 
More  than  a  year  since,  the  work  was  translated  into  Gei 
Vater,  of  Prague,  who  has  confirmed  all  that  we  have  claim 
to  the  efficacy  of  general  electrization,  and  who  has  folio 
translation  by  a  series  of  elaborate  articles,  didactic  and 
general  electrization  and  central  galvanization  in  the 
IVtitiir  Zeitung. 

The  use  of  general  faradization  as  a  constitutional 
wide  variety  of  affections  is  now  well  established  and 
that  we  have  claimed  for  it  have  been  confirmed  in  full  de 
petent  observers  at  home  and  abroad.  This  method  of  usii 
has  also  attained  a  wide  popularity,  and  its  introduction  in 
tics  may  be  said  to  have  marked  a  radical  and  importan 

The  section  on  Electro-physics  is  much  enlarged.  Obs< 
convinced  us  that  the  one  great  defect  in  those  who  pra< 
therapeutics  is  ignorance  of  the  physical  relations  of  electri 
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this  source  6ow  at  least  bai  the  blunders,  discouragements,  and  ill 
success  that  novices  in  this  branch  so  painfully  experience.     I'he  undu 
latory  theory  of  the  electrical  force  that  is  adopted  in  this  edition  is»  sa 
Ev  as  can  now  be  seen,  consistent  and  harmonious,  and  it  explains 
belter  than  any  other  theory  the  varied  and  complex  phenomena  o^ 
•lectro-physiology  and  electro-therapeutics. 

The  chemistry  of  the  batteries,  it  will  be  seen,  is  explained  in  full 
detail,  and  in  accordance  with  recent  chemical  facts  and  nomenclature. 

To  Ohm's  Law,  at  once  so  important  and  so  difficult,  a  separate  and 
special  chapter  has  been  assigned ;  and  no  effort  has  been  spared  to 
make  it  clear  in  all  its  practical  relations  to  all  trained  minds  who  wiU 
give  it  close  and  careful  attention. 

In  the  preparation  of  the  section  on  Electro-physics  we  have  bceo 
&rored  with  the  advice  and  suggestions  of  a  number  of  our  most  di»» 
tbguishcd  physicists  and  mathematicians ;  and  especially  are  we  indebt- 
ed to  Prof.  Henry  T.  Eddy,  of  Cincinnati,  who  has  interested  himself  in 
the  attempt  here  made  to  put  the  most  recent  theories  and  facts  oi 
electro-physics  in  a  shape  at  once  clear,  compact,  and  trustworthy. 

The  need  of  a  section  of  this  kind  has  been  roost  urgent,  for  the 
treatises  on  the  physics  of  electricity  that  have  been  most  accessible 
are  either  far  behind  the  time  or  have  been  expressed  so  blindly 
IS  to  be  of  little  value  to  electro-tlierapeutists.  Even  the  best  of  the 
more  recent  writers  on  the  physics  of  electricity,  as  Fleming  Jenkins, 
and  Latimer  Clarke,  have  not  adapted  iheir  works  to  the  wants  of  those 
who  use  electricity  in  therapeutics. 

Electro-physiology  is  largely  rewritten  and  considerably  enlarged. 
It  includes  a  large  number  of  our  own  experiments,  mostly  made  dur 
ii^  the  past  three  years,  as  well  as  a  compact  r6sum6  of  all  the  more 
recent  studies  in  this  branch  by  European  and  American  observers* 
The  general  relation  of  electro-physiology  to  electro  therapeutics  has 
been  brought  into  prominence  at  every  point. 

The  method  of  central  galvanization  that  we  have  systematized  and 
introduced  to  the  profession  since  the  publication  of  the  first  edition  is 
bcre  described  and  illustrated  in  full  detail.  The  great  practica' 
advantages  of  this  method  of  galvanization  over  localized  galvanization 
of  the  nerve-centres — and  '.n  many  cases  over  general  faradization— are 
already  well  understood  b)  many  of  our  leading  electro-therapeutists. 

There  are  now  introduced  into  science,  six  methods  of  using  electri- 
diy  for  the  treatment  of  disease  :  localized  faradization  and  localized 
galvanization,  general  faradization,  central  galvanization,  and,  in  electro- 
•Btgery,  electrolysis  and  galvano-cautery. 


xu 


PREFACE  TO  THE  SECOND  EDITION. 


In  the  chapter  on  A  pparatus  we  have  endeavored  to  rep 
lairness  and  impartialiry  the  best  workmanship  and  the  i 
improvements.  The  fact  of  the  superiority  of  continuous  ov 
coil  Faradic-machines  in  the  treatment  of  sensitive  patieiJ| 
the  first  time  brought  out  and  emphasized.  i 

A  new  chapter  on  General  Suggestions  has  been  added,  ii 
attempt  has  been  made  to  answer  in  detail  the  various  praci 
that  so  annoy  the  beginner  m  electro-therapeutics. 

In  the  section  on  Electro-surgery  the  principles  of  galvi 
of  ordinary  electrolysis,  and  of  the  method  of  electrolysis 
have  been  described  and  illustrated,  and  in  the  clinical  portio 
ties  of  results  have  been  presented  from  a  very  large  experi 
department,  so  that  one  may  learn  both  what  can  be  doi 
cannot  be  done  by  electricity  in  surgical  diseases.  I 

In  the  clinical  part  of  electro-medicine  a  number  of  e 
chapters  have  been  added,  and  all  of  the  chapters  have  1 
The  number  of  cases  has  been  increased  nearly  twofold, 
and  successes  being  fairly  represented.  ' 

We  may  call  especial  attention  to  the  chapters  on  Difl 
Skin,  wherein,  besides  many  other  cases,  are  detailed  the 
results  of  central  galvanization  in  chronic  eczema  and  pru 
the  cha[)tcr  on  Diseases  of  Children,  in  which  are  rccordec 
of  expeiimcnts  in  the  treatment  of  whooping-cough,  marasn 
bility,  and  also  the  fact  of  the  remarkable  tolerance  of  c 
electricity.  Since  the  publication  of  the  first  edition  a  nunil 
lent  works  on  nervous  diseases  have  appeared,  and  foi  tha 
well  as  for  lack  of  space,  the  systematic  remarks  on  ^erl 
have,  in  this  edition,  been  mostly  omitted,  save  some  sp 
wherein  our  views  differ  from  those  generally  adopted. 

Although  the  work  is  considerably  enlarged  yet  this  enl 
due  more  to  the  addition  of  new  matter  than  to  the  retentio 
there  are  any  who  object  to  the  si/e  of  the  work,  who  se 
and  ready  method?*  to  the  science  and  art  of  electro  iheraf 
despise  and  deride  the  physical  and  physiological  relations  o 
and  who  suppose  that  be  who  has  held  two  sponges  on  a 
compassed  Ihe  whole  of  clcctrologyt  we  can  only  reply  that 
such  that  this  book  was  written,  and  we  hope  that  nolhi 
write  will  encourage  the  iticrease  of  pliysicians  of  that  chan 
idral  of  every  clectro-thcrapeutist— certainly  of  every  one  wl 
•ubjcct  special  attention — should  be  to  become  an  electrolo 
to  be  a  muHter  of  electricity  in  its  physical  and  physiologia 
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its  purely  diagnostic  and  therapeutic  relations ;  for  all  such  this  edi 
tion  is  designed  to  be  a  work  of  exhaustive  reference.  Those,  how 
ever,  whose  aims  are  lower  will  here  find  the  purely  practical  and 
clinical  department  clearly  presented  by  a  large  variety  of  illustrations  of 
the  various  mediods  of  application,  and  by  details  of  more  than  twc 
hundred  cases,  including  every  type  of  medical  and  surgical  disease,  for 
vhich  electricity  by  any  method  of  application  has  been  used  with  any 
encouraging  results. 

To  those  who,  since  the  first  edition  of  this  work  was  out  of  press, 
have  grown  weary  in  waiting  for  the  long-promised  appearance  of  the 
second  edition,  we  may  express  the  hope  thai  they  will  find  in  the 
present  treatise  sufficient  evidences  of  original  experience  and  research 
to  fiilly  account  for,  if  not  to  justify  the  annoying  delay. 
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The  object  of  this  work  is  to  present,  in  a  compact,  practical  fonn, 
all  that  is  now  known  on  tlie  application  of  electricity  to  the  treatment 
of  disease.  The  aim  of  the  authors  has  been  to  combine  their  owa 
uxtensive  and  varied  researches  with  localized  and  general  electriza- 
tion, and  the  labors  of  all  other  recent  explorers  in  electro-therai>eutics, 
in  a  sumnmiy  which  should  be  at  once  practical  and  exliaustive,  and 
which  should  represent  with  strict  impartiality  all  tliat  has  been  really 
accomplished  in  this  department  by  every  school,  in  every  country,  and 
by  all  methods. 

For  this  undertaking  the  authors  have  been  prepared  by  an  experi- 
ence acquired  in  more  than  10,000  applications  of  electricity  in  a  wide 
variety  of  morbid  conditions,  and  by  personal  observation  of  the 
methods  and  the  results  of  the  recognized  leaders  in  this  important 
field  of  science. 

For  convenience  of  reference,  and  in  order  to  avoid  repetition  and 
confusion,  the  work  is  divided  into  Electro-Pkysics^  Electro-Physiology^ 
JSiffir^Tkrra/€ufus,  and  Electro-Surgery.  It  is  believed  that  by  this 
Arrangement  the  work  will  be  more  acceptable  both  to  the  majority 
who  leek  to  consult  the  distinctively  practical  portions,  and  to  the  few 
who  \\\xs  desire  also  to  investigate  the  subject  of  electricity  in  its 
physical  and  physiological  relations. 

(«encral  electriMtion,  which  the  authors  were  the  first  in  the  profes- 
fion  to  systematically  investigate,  is  here,  for  the  first  time,  described 
Snd  illustrated  in  syslcmaiic  detail  of  its  modus  0|>crandi  and  its  very 
rcmaikable  rtVccts  in  conditions  of  debility. 

The  geucral  differential  indications  for  the  use  of  the  two  cur- 
cent:!  and  for  the  use  of  localiied  and  general  applications,  we  have 
MHtght  to  diiiting\ush  and  elucidate  by  lo^cal  deductions  from  the 
known  principles  of  electro  thcraiveutics,  and,  above  all,  fron  extend- 
ed ex|>erin»enlal  cowiKirisLon.  The  knowledge  of  electro-therapeutical 
anatomy,  which  is  so  essential  for  an  Intelligent  electro-diagnosis  in 
tlierai^utic^  wt  have  endeavored  to  facilitate  by  concise  and  explicit 
illustratioKUk  The  drawings  for  illustrations  of  the  different  methods 
of  cltfctriaatioci  were  made  from  photiopaphs  taken  during  the  applica- 
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In  the  selection  and  detailed  description  of  apparatus,  both  the  ta^tci 
of  rf)€  specialist  and  the  imperative  needs  of  the  general  practitionei 
hare  been  constantly  borne  in  mind  ;  and  while  nearly  all  the  most  ira. 
proved  fonus  of  machines  for  both  currents  have  received  notice, 
minute  description  and  illustration  have  been  reserved  only  for  those 
that  experience  has  shown  unite  in  the  highest  degree  the  qualities  of 
convenience  and  compactness,  with  accessibility  and  uniformity  of  ac- 
tion. When  we  began  our  experiments  in  this  department,  there  wai 
in  this  country  no  satisfactory  apparatus  either  for  the  faradic  or  the 
^ranic  current,  and  for  this  reason  our  early  observations  were  made 
under  exceeding  disadvantages. 

The  difficulty  has  for  a  number  of  years  been  partly  met  by  the 
electro-magnetic  apparatus  of  Kidder,  which,  for  all  the  essential  qual- 
ities required,  is  as  yet  unsurpassed.  We  early  became  convinced  that 
«deotific  electro-dierapeutics  required  also  a  galvanic  apparatus  which 
should  be  at  least  more  compact  and  more  portable  than  those  which 
had  been  usually  employed,  and  that  to  be  forced  to  depend  on  appa- 
ratus of  foreign  construction  would  both  retard  the  progress  and  prac 
tically  prohibit  the  popularization  of  electro-therapeutics.  Amid  many 
discouragements  which  only  those  who  have  pursued  similar  investiga- 
tions can  well  appreciate,  we  have  striven  to  overcome  this  serious  evil 
and  to  prepare  a  galvanic  apparatus  which  should  be  both  simple  and 
enduring,  and  which  could  be  used  at  the  bedside  as  well  as  in  the 
hospital  or  consulting-room.  Through  the  skill  and  mtelligence  of  the 
iDecfaanician  above-mentioned,  we  are  now  able  to  present  an  appa- 
latus  for  the  galvanic  current  which,  if  not  on  the  one  hand  ao  com- 
pact, or  on  the  other  so  elaborate  as  others  to  which  we  have  called 
axtentionf  is  yet,  in  the  wide  variety  of  size  and  shape  of  which  it  is 
capable,  in  the  simplicity  of  its  construction,  and  the  ease  of  its  man- 
agement^ perhaps  even  better  fitted  to  supply  the  general  want. 

Eltdro-surgery,  though  a  young  and  as  yet  but  little  developed 
branch  of  electro-therapeutics,  is  yet  of  such  intrinsic  importance  and 
interest,  and  so  fruitful  in  promise  for  the  future,  that  it  has  been 
deemed  worthy  of  separate  and  special  consideration. 

In  the  preparation  of  the  detailed  and  statistical  reports  of  cases,  we 
have  sought  to  give  a  picture  that  shall  be  so  accurate,  and  so  true  to 
esperience,  that  it  may  be  unfailingly  recognized  by  all  those  who  pur- 
aae  a  siinilar  line  of  experiment.  The  somewhat  deserved  reproach 
afunst  rfcctro- therapeutists,  that  they  publish  only  their  most  fortunate 
rcsuhs,  we  have  endeavored  to  avert  by  giving  prominence  to  failurci 
as  well  as  to  successes ;  by  noting  relapses  as  well  as  perioanent  re 
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We  hzve  been  not  iiniwiwlful  of  the  fact  thai  statistical  re 
ports  of  tbe  leadts  of  anj  mediod  of  tieatment,  however  consden- 
arash-  peepoied*  must  be  at  best  incomplete,  and  to  a  certain  exten* 
ELJcssocT.  H&aapenlics  b  alwars  a  subject  of  vast  complications.  It 
is  proisib^  chat  in  soane  of  the  cases  reported  as  absolute  cnr  a^prozi' 
Buae  reooresiesy  rusure  and  time,  and  in  a  few  instances,  perfas^i^ 
ocSkt  oMviEciaji  or  hi^^enic  trcatm^it  bore  as  large  a  share  as  the  ap- 
pamitww  themsi^ves^  We  have,  however,  endeavcved  to  make  aU 
proper  alkrarances  for  dae  inflnence  of  these  vaiioos  factors ;  and  in 
tsie  Kw  exoepdooai  cases  wbere  medicinal  has  been  combined  with 
eiectncai  treacnient.  the  £ut  has  been  mentioned,  and  cases  of  posi- 
tive lixtbt  have  been  exdaied  ^om  consideration.  For  the  study  of 
e&e  specbl  ejects  ct  tieccrkal  treatmect,  wiien  used  alone,  we  have 
beea  pecoEirlv  Kict:is&&&e,  since  the  vast  majoritv  of  our  cases  had 
iba8»5xM%i  sM&caQkxi  before  thev  were  referred  to  our  care.  On  the 
ocbser  bbucd  ct  b  sniispacablj  true  that  sxwoe  of  the  cases  reported  as 
allSi^ttce  fcTrtres^  or  as  but  s%ht£v  benefited,  were  kept  from  perfect 
KCOv^iXT  bv  dfee  mdul^ence  of  evil  habits  of  hv^giene  ;  smd  it  is  fiilly 
f«o6ttb£e  that  sooaNC  oc  cbeeax  as  well  as  of  those  reported  as  unknown, 
«(i|<c«cuiK<i  tibe  acter  resoles  of  Cbe  tceaSaaent  and  went  on  to  recovery. 
Skul  fuxtber,  it  » en  evienr  waj  probable  that  s<«ne  of  the  Caulures  mighty 
W  jreai&Mr  pecsevecaace  oc  xe  p^rt  oc  the  patients,  have  been  trans- 

U  i*  >elieve\i  dut  tfitufse  vazwos  cmars  to  a  certain  extent  counter- 
iMJi&sce  <vK^^  cs±!er.  az^  th&:  ca  the  wt>cKe  our  statistical  reports  fairiy 
NV<^f;$>»t^  $k>  ^  a:^  t&»v  ^x  dte  ligjdoaa^r  results  of  the  electrical 
|R>*5ajw«5.  Ai>i  yec  k  s&kXiM  be  ooosiiered  that  the  nujority  of  the 
c*j<«  r^M:«'i*fttC«<t  »  Ottc  sciCBScics  were  both  long-standing  and  pecu- 
l^w^  v'^t^.?^:^  -fta^  :&»»«  »  gitMMd  for  the  behef  that  those  who  treat 
•wiv^  *»v^  w»x^  wv>«t5  CAW*  bf  die  satae  methods,  will  obtain  a  larger 

U  *i^t  i<  <»^s»fcv<Nl  tbaakt  t^'Ki^ftMitt  the  work  these  leading  ideas  are 
t^»<  v\N»^is*i*5N  u*  ifcsf  Jow^KHtosJ  a*  the  foandieion  principles  on  which 

%.  t'tt^t  <fvv*v«wJi?!0«^.  N?sijo«f*  be»?5  esKteiy  a  local  stimulant,  also 
♦.v«sHc<^  Jist  i4fc*jt<*K«^  s^x«  $eBs<«dL  aad  kxai  nuctition,  at  once  unique 
ly^  i^si*i^t\a»'iMvV  Jiw^  :^  <«5S«*  k  w  tStie  behest  rank  among  constitu- 

*.  ^^5  ;W  JNNNri-^^l  :Qn««*>  •34''  SMkua^  the  applications  exclusively 
Ws^  *^  V*;^  ^Xi*,»^^*t  *»ii  WvVi3W»««5 ;  tfiat  in  the  use  of  electricity, 
«».  >»i  ^x^^  Vi5&««  w*iiWNJ^i.  v>*wsitn»ttwa  dueues  dKwld  be  treated 
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3.  Thai  the  best  method  of  bringing  the  whole  system  undei  th« 
direct  influence  of  the  current  is  by  general  electrization  as  here  de« 
scribed  ;  and  thai  by  the  use  of  this  method  the  success  of  electro- 
therapeutics is  materially  enhanced,  and  its  sphere  very  greatly  wdened, 
so  as  to  include  a  variety  of  frequent  and  distressing  constitutional 
morbid  conditions,  for  which  merely  localized  electrization  is  but  im- 
perfectly indicated. 

4,  That,  in  determining  the  influence  of  the  electrical  applications 
ou  conditions  of  disease  the  last  appeal  must  be  made,  not  to  physics 
nor  tv  physiology,  nor  to  pathology,  nor  to  any  d  priori  reasoning  what- 
ever, but  solely  and  alone  to  clinical  experience. 

To  those  who  adhere  to  the  long  accepted  theory  that  electricity  is 
merely  a  means  for  local  stimulation,  and.  as  such,  chiefly  indicated  in 
the  severe  or  incurable  conditions  of  paralysis  or  chronic  rheumatism, 
or  who  hope  to  reduce  electro-therapeutics  to  an  exact  science  on  the 
basis  of  a  complete  physiology  and  pathology,  the  above  propositions 
nrast  seem  both  radical  and  erroneous,  and  especially  so  if  they  have 
Kudtcd  the  action  of  electricity  on  the  body  merely  by  localized  appli- 
cations. 

Therefore  with  all  the  greater  interest  and  pleasure  have  we  ob- 
served that,  during  the  last  few  yearj,  there  has  been  in  electro-thera- 
peutical Literature  a  manifest  and  increasing  tendency  to  abandon  the 
narrow  doctrines  of  merely  local  stimulation,  to  accept  the  fact  which 
experience  everywhere  con&rms,  that  in  electricity  we  have  an  unsur- 
passed means  of  improving  the  general  nutrition  Ln  the  immense  va- 
I  riety  of  chronic  morbid  conditions  where  such  results  are  chiefly  indi- 
cated ;  and  we  express  the  confident  hope  that  the  abundant  and  varied 
evidence  with  which  in  the  present  work  we  have  been  enabled  to  for- 
tify these  propositions,  increased  and  enriched  as  it  may  be  by  the  ex- 
perience of  the  future,  and  harmonizing  as  it  surely  must  with  the  gerw 
eral  progress  of  science,  will  materially  aid  in  bringing  nearer  the  day 
of  their  universal  acceptance. 

Although  this  work  is  not  intended  to  be  in  any  sense  a  complete 

guide  to  the  study  of  chronic  diseases  of  the  nervous  system,  yet  some 

general  remarks  on   the  nature,  causation,   and  the  diagnosis  of  the 

f  principal  of  these  diseases  have  been  deemed  both  appropriate  and 

necessary,  for  the  twofold  reason   that  such  knowledge  is  necessary  foi 

.  an  intelligent  appreciation  of  the  directions  for  the  treatment,  and  also 

[becaiise  very  many   of  the  diseases  here  mentioned — such  as  nervoufc 

'dyipepsia,  spinal    irritation,   neurasthenia,  hypochondriasis,  insoinnia, 

locomotor  ataxy»  muscular  atrophy,  spinal  and  infantile   paralysis,  as 

veil  as  some  of  the  varieties  of  neuralgia — ^have  not  received  in  any  one 
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popular  text-book  the  pracdcalwfention  which  their 
in  electro-therapeutics  requires. 

Scientific  electro-therapeutics  requires  scientific  diagno 
only  knows  how  to  apply  electricity  is  not  fit  to  do  eve 
cessful  results  in  electro-therapeutics  can  be  and  are  ob 
most  ignorant  of  charlatans,  but  to  intelligently  report  tl 
or  make  them  of  value  to  science  requires  the  best  skil 
cian.  Mere  hand-bouks  of  electrical  apphcations  canno 
than  injurious  to  science.  Other  conditions  being  the  ss 
of  reports  of  cases  in  electro-therapeutics  is  in  direct  pro 
accuracy  and  completeness  of  the  diagnosis.  For  this  i^ 
electro-therapeutics  is  the  most  exacting  and  laboric 
special  departments,  for  in  a  certain  sense  it  trenches  oi 
tates  a  knowledge  of  all  other  departments.  i 

In  the  strict  sense  of  the  word,  therefore,  the  electro- 
LO  specialist,  since  his  idea!— which  of  course  he  can  b 
fulfil — must  be  to  know  something  of  every  departtnei 
electro  therapeutics  brings  him  into  relation.  His  amb 
of  Bacon,  must  be  **  to  make  all  knowledge  his  province 

Besides  a  thorough  familiarity  with  the  department  (| 
eases,  and  especially  with  the  recent  methods  of  studyii 
aesthesiometer,  the  ophthalmoscope,  and  by  electricity, 
for  the  electro-therapeutist  to  avail  himself  of  all  the  adv 
made  in  the  special  departments  of  gynaecology,  ophthi 
ogy,  laryngology,  and  dermatology,  as  well  as  general 
surgery. 

In  respect  to  diagnosis  we  have  ourselves  been  eJ 
vored,  since  the  majority  of  our  cases  have  obtained  the 
or  more  acknowledged  authorities  in  their  respective  dej 

That  all  the  special  views  on  the  nature  and  treatm 
eases  here  mentioned  should  meet  with  universal  accej 
than  can  be  expected.  Everywhere  we  tread  on  deb 
In  regard  to  the  nature,  the  causation,  the  symptoms,  thi 
laent,  the  divisions  and  the  terminology  of  diseases,  the 
rents,  the  methods  of  applications,  the  relative  merits 
ratus, — in  these  and  in  many  other  subjects  there  is 
widest  possible  divergence  of  honest  opinion  among  the 
ties  and  opportunities  entitle  their  opinions  to  the  h 
On  all  these  controverted  themes  we  present  nothing  as 
ing  which  we  shall  not  readily  modify  in  the  light  of  suffl 
evidence. 
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CHAPTER  I. 

A  KNOWLEDGE  OF  THE  PRINCIPLES  OF  ELECTRO-PHYSICS  NECE5SART 
TO  THE  ELECTRO-THERAPEUTIST — DEFINITION  OF  ELBCTRICITT— 
MAGNSnSM. 

EUctro-physus  is  the  science  which  treats  of  electricity  in  its  physi^ai 
relations^ 

No  one  can  be  a  master  in  electro-therapeutics  without  also  being  a 
master  In  electro-physics.  Hence  it  becomes  necessary,  in  a  systema- 
tk  treatise  on  electro-therapeutics,  to  present  the  leading  principles  of 
dectro-physics,  and  to  point  out  their  practical  bearings  both  on 
clectro-ph>'siology  and  electro  therapeutics.  This  necessity  is  all  the 
greater  because  electro-physics  is  the  branch  of  electrology  that  electro- 
therapeutists  are  most  of  all  disposed  to  neglect ;  and  ignorance  of  this 
department  has  retarded,  and  still  retards,  the  scientific  advance  of 
electro-therapeutics  both  medical  and  surgical.  It  is  possible  to  make 
happy  hits  in  electro-therapeutics  without  knowing  anything  of  electro- 
ph)  sics  or  electro-physiology ;  but  on  the  average,  and  in  the  long  run, 
dke  best  results  will  be  obtained  by  those  who  to  purely  practical  know- 
ledge add  a  tliorough  mastery  of  the  scientitic  relations  of  the  subject 

Why  discussed  in  a  Practical  Treatise  like  this. — The  necessity  of  pre- 
•enting  the  leading  principles  of  electro-physics  in  a  practical  treatise 
like  this  is  the  more  imperative  from  the  fact  that,  until  quite  recently 
M  least,  all,  or  nearly  all,  the  text-books  on  physics  in  use  in  schools 
md  colleges  have  failed  to  represent  the  advanced  researches  and 
geaeralizatioDs  of  modern  scientists  in  the  department  of  electricity. 
The  old  hypotheses,  that  electricity  is  a  single  or  double  fluid,  still  linger 
IB  our  ccnlrcs  of  education,  or  yield  the  ground  but  slowly ;  and  even  in 
Aoce  works  that  are  fully  up  to  the  times  on  this  subject,  the  special 
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piji  tu  al  beaimgs  of  electro-pbyscal  ptioc^ples  oo  dectio-phy^ 
ioiagf  and  dectro-tha^>eatics  are  of  course  not  coosailared. 

To  tkis  shoold  be  added  tbe  coDsideradoo  that  any  science,  however 
«dl  aggdiird^  if  it  be  not  kept  before  die  suod  by  ceacfaing  or  writing* 
«r  hf  ipiatfiial  appficadoo,  sooo  fades  from  die  menaorf,  or  becomes  a 
■MB  of  kaKtmhs  and  ■iicataiBde&.  We  axe  dierefixe  justified  in 
■OBiming  Aoi  doc  one  in  a  haiudied  of  thocse  vho  will  consolt  this  book 
as  a.  guide  in  electzo-tberapentks  vill  be  so  diocoq^ilf  and  acoirately 
OB  die  pdadples  of  electto-pliysks  as  not  to  need,  oa  tiiis 
one  compact  treatise  wbidk  shall  serve  as  a.  guide  and  reminder 
tSa^  facts  and  principles  of  tbe  science.  To  supplj  this  need 
net  of  tfak  dnrtsaon  of  oar  treatise. 


AMD  DiycnnoH  or  wjm  laiim. 


r*  ik€9Aer great 
.  is  ampij  m  mmU  9f 


regardeimsm  voacst 

iIk  precise  natiue  of  these  vibadons  have  not  yet  been 
r  dmnomtfated,  as  in  die  case  of  ^g^  and  heat,  jret  tbe 
yAatthephcBomfnaof  electricity  are  the  resalt  of  Wbratkms  has 
I  ii  ila  finrar,  and  tt  is  by  no  means  iiB|*o(SMble  that  in  the  firtnre  the 
eof  ifaeae  vibtaiioiis  wffl  be  veQ  aadenaood 
Ae  pceaent  treatise,  as  in  all  works  oo  physics,  rsrioos  terms,  as 
len^*  ^tom%^  '^vaasT  etc.,  that  took  dnr  onpa  when  the  ioad 

;  dtere  is  no  otjecdon  to  their  nse. 
'ismaaifested  in  three  geneial  fbans:  Mkgmtfirm /  Sk^ 
aaf  or  ^rifiitmaf  or  J^ramk&mit  EkOnekf;  and  Cahmmitm,  or  FtSnt 
'Electridty. 


b«— In  order  to  niwwi  stand  eieciuLxly  m  j 
w^gnctiwm,  which  is  one  of  i 
I  bf  ks  phenomena,  is  the  power  a 
p0tttu  of  atttnii  1  wg  won.  Tnebodacs  wfatchnpe< 
power  are  called  m^pwcA^  and  are  divided  mso  two  < 
mr^eM.    Narotal  aiayms  ooosist  of  Iran  ore  or 
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iscovered  in  Magnesia,  in  Asia  Minor,  and  hence  ihe 
oarac  magnet  was  derived.  The  compass  was  introduced  into  Europe  in 
the  twelfth  century;  but  the  Chinese  are  said  to  have  been  acquainte<? 
with  it  in  the  fourth  century. 

Artificial  magnets  are  usually  made  of  steel  that  has  been  magnetized 
by  the  galvanic  current  or  by  other  magnets.  Steel  bars  that  have 
been  thus  magnetized  may  be  either  straight  or  bent.  For  convenience' 
nke,  they  are  usually  bent  in  tlie  fona  of  a  horseshoe. 

All  substances  are  more  or  less  susceptible  to  magnetic  induence,  but 
iron  is  more  affected  by  it  than  others.  Experiments  illustrative  of  the 
effects  aud  power  of  artihcial  magnets  are  so  familiar  that  they  need  not 
be  dted. 

Polarity  of  Magnets. — The  polarity  of  a  magnet  is  that  peculiar  pro- 
perty by  which  it  manifests  two  opposite  kinds  of  magnetism,  that  are 
teinied,  relatively  to  each  other,  the  north  and  tlie  south  pole.  When  a 
magnetic  needle  is  so  suspended  that  it  can  move  unimpeded  in  any 
direction,  one  end  points  to  the  north,  and  the  other  to  the  south.  If 
the  magnet  be  disturbed  in  any  way,  and  forced  temporarily  out  of 
poation,  it  at  once  and  uniformly  returns. 

Polarity  is  a  quality  that  belongs  not  only  to  magnetism,  but  also  t<. 
other  forms  of  electricity,  and  to  light  and  the  other  great  forces. 

The  poles  of  a  magnet  are  always  at  its  ends,  for  here  the  attractive 
power  is  gj-eatest  This  can  be  demonstrated  by  a  very  simple  experi- 
oent  If  a  magnetic  bar  be  rolled  in  a  pile  of  iron-filings,  it  will  be 
found  that  these  adhere  to  the  bar  most  firmly  and  in  the  greatest 
quantity  at  and  near  its  poles.  The  quantity  that  adheres  is  less  as  we 
tpproach  the  middle  of  the  bar. 

Neutral  Line. — In  long  bars  there  is  always  a  place  at  the  middle, 
or  near  to  it,  where  no  filings  are  attracted.  This  space  is  variously 
termed  the  neutral  or  magnetic  ione^  or  magnetic  equator^  or  point  of 
indifference. 


Fio.  I. 


Another  familiar  experiment  is  to  pass  an  uon  ball,  suspended  by  a 
rtring  or  thread,  near  to  a  magnet  from  end  to  end.  It  is  observed 
that  the  ball  is  attracted  very  little,  or  not  at  all,  in  the  middle,  bul 
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that  the  attractive  power  is  increased  as  we  bring  it  towards  either  ena 
If  any  substance  be  placed  between  the  ball  and  the  magnet,  the  at- 
traction is  just  as  marked,  unless  the  interposed  substance  itself  con- 
tains iron.  Nearly  all  substances  that  are  not  themf  elves  magnetic 
are  capable  of  transmitting  the  magnetic  infiuence. 

Another  feature  of  magnetic  polarity  is,  that  like  poles  repel,  and 
unliV;  poles  attract,  each  other.  If  one  magnetic  bar  be  suspended 
firccly  in  the  air,  and  another  be  brought  near  to  it,  it  will  be  found 
that  the  north  pole  of  one  is  attracted  by  the  south  pole  of  tTie  other, 
and  vicf  versd — ^in  short,  that  the  like  poles  repel,  while  the  unlike 
attract. 


iJ>-* 
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Magnetism  of  Broken  Magnets. — If  a  bar  that  has  been  magnetized 
be  broken  in  the  middle,  each  half  mil  have  two  poles  and  a  neutral 
point  in  the  centre.  If  one  of  these  halves  is  broken  in  the  middle, 
each  half  \\\\\  be  found  to  have  two  poles  and  a  neutral  line.  If  one 
of  these  parts  in  turn  be  broken,  each  half  wuU  again  be  found  to  be  a 
complete  magnet,  with  two  poles  and  a  neutral  line,  and  so  on  as  long 
as  we  can  carry  the  division. 

Cotdhmb's  TJieory  of  Magnetism, — A  theory  of  magnetism  ad- 
vanced by  Coulomb  is,  that  magnetic  substances  consist  of  partieles^ 
iach  one  of  which  is  a  magnet.  These  particles  have  their  poles  turned 
b  different  directions,  so  as  to  neutralize  each  other. 

Magnetization  brings  these  particles  round  so  that  they  lie  in  the  samt 
direction.  This  theory  brings  magnetism  very  close  to  statical  electri- 
city,  and  would  naturally  bo  adopted  by  tliose  who  believe  all  mag: 
netic  phenomena  result  from  electricity  in  magnetic  bodies. 
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Between  the  behavior  of  electricity  in  animal  bodies  (animal  eleclrt- 
dly),  electricity  in  general  (statical  and  dynamical  electricity),  to  b« 
subsequently  explained,  and  magnetism  as  here  explained,  there  are 
analogies  so  close  and  so  consistent  as  to  warra.nt  the  view  that  all  arc 
but  different  manifestations  of  one  foree. 

Magnetic  Inducium. — If  a  bar  of  soft  iron  is  brought  in  contact 
with  or  near  to  one  of  the  poles  of  a  magnet,  it  is  attracted,  and  foi 
the  time  being  becomes  itself  magnetic ;  and  if  it  is  brought  near 
enough  to  the  magnet,  it  firmly  adheres  to  it  A  bar  of  soft  iron  thus 
obtains  by  indwtion  all  the  properties  of  an  ordinary  magnet.  It  has 
a  north  and  south  pole.  It  attracts  iron-filings  around  these  poles,  just 
like  the  regular  magnet.  If  another  piece  of  soft  iron  is  brought  in 
contact  with,  or  near  to  its  poles,  it  is  attracted  and  made  to  adhere, 
just  as  it  would  do  if  applied  to  an  ordinary  magnet.  Quite  a  number 
of  bars  of  soft  iion  maybe  made  to  adhere  in  the  same  way.  But 
when  this  bar,  thus  made  magnetic,  is  forcibly  removed  from  the  per- 
manent magnet  to  which  it  adheres,  it  instantaneously  loses  all  its  mag* 
netic  power,  and  the  iron -filings  or  pieces  of  soft  iron  that  have  been 
attracted  by  it  at  once  drop  off.  Such  a  magnet  is  therefore  styled 
**^  temporary y*  in  contradistinction  to  \\\^  permanent  magnets  of  steel. 

If  a  bar  of  steel  is  brought  near  to,  or  in  contact  with  a  magnet,  it 
also  becomes  magnetic,  and  exhibits  very  different  phenomena  from 
the  bar  of  soft  iron.  In  the  first  place,  it  becomes  magnetic  much 
more  slowly  than  the  bar  of  soft  iron,  and  displays  less  magnetic 
power.  On  the  other  hand,  it  does  not,  like  the  soft  iron  bar,  lose  its 
attractive  power  as  soon  as  it  is  removed  from  the  magnet,  but  perma- 
nently retains  it 

The  quality  of  steel  by  which  it  at  first  resists  the  attractive  power 
of  magnets,  and  resists  the  dispersion  of  the  magnetism  which  it  has 
once  acquired,  is  called  coercitive  force. 

The  same  phenomena  are  observed  in  regard  to  heat.  Some  bodies 
diat  are  quick  to  acquire  heat,  are  quick  to  part  with  it ;  and  vice  versA, 
those  bodies  which,  Hke  iron,  steel,  and  so  forth,  acquire  heat  gradually, 
also  part  with  it  slowly. 

It  is  by  virtue  of  its  coercitive  force  that  loadstone  permanently  re 
tains  its  magnetism, 

T>ie  harder  any  steel  is,  the  greater  its  coercitive  force.  Steel  that 
is  soft  has  comparatively  little  coercitiveness,  and  when  brought  neai 
to,  or  in  contact  with  a  magnet,  it  behaves  very  much  like  soft  iron. 
Very  hard  steel,  on  the  contrarj',  has  so  great  coercitiveness  that  it  il 
only  attracted  by  very  powerful  magnets. 
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illter  conpMei  «C  fCn^M  ban^  or  a»  beat  m  the  ^ 
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W  «M4e  of  ft  POBBiscr  of  dn  Steel  ban  placed  «de  by  ade,  dMirpalef 
biiBf  flUntcd  hamoufvaaoAft  ttax  is,  Ijn^  m  the  same  dbccdoiL  A 
•■■Iper  of  bsndki  of  ban  of  sted  axm^ed  in  tbai  tn^  is  caOed  a 
^mapuiU  mggtufmet  or  kaiUry," 

Magmik  armahtres  axe  pieces  of  loft  iroo  dot  axe  pboed  at  the 
of  aaiyiila,  lo  keep  their  magnetic  power.  This  bar,  or  azmatiire, 
mkf  MCtivcf  aMgnctisin  from  the  magnet,  but  acts  npon  it  in  return, 
md  Hmm  lielpf  to  preserve  iu  magnetic  power.  Magnets  tbat  are  not 
provided  widi  an  armatare  gradoally  lose  their  attnctire  power  by  the 
iMtflrtling  influence  of  the  magnetism  of  the  earth.  The  magnetic 
power  of  magnets  b  apt  to  be  impaired  by  letting  them  fall  on  a  hard 
foriacc  or  by  suddenly  striking  them  with  a  solid  body. 
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Magnf/iMtion,-^lX  is  possible  to  communicate  magnetism  to  bodies 
that  can  retain  it  in  several  different  ways: 

I.  By  single  Touch. — The  bar  which  we  wish  to  magnetize  is  laid 
on  a  table,  and  the  pole  of  a  magnet  is  rubbed  along  its  surface  from 
•nd  to  end  for  a  number  of  times. 

a.  By  double  Touch. — The  bar  that  is  lo  be  magnctLEcd  is  placed  on 
a  piece  nf  wijod,  the  ends  of  which  arc  placed  against  two  strong  mag- 
net*. Two  magnets  for  rubbing  are  placed  on  the  bar  to  be  magnet- 
i«cd,  making  an  angle  with  the  bar  of  from  15°  to  20**.  A  small  piece 
of  woofl  \%  placed  between  the  extremities  of  these  two  magnets,  to 
prevent  their  touching.  They  are  then  rubbed  along  the  bar  that  is  to 
be  magiietiated,  fnirii  the  middle  towards  the  end,  and  back  again,  ;  id 
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the  middle.     Thin 
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"TSsed  from  the  magnetized  bar  again   at  the  middle, 
coramunicatss  a  strong,  though  sometimes  irregular  magnetism;   it  wa» 
invented  by  Mitchell,  and  perfected  by  Epinus  in  1758. 

3-  By  separate  Touch. — This  method  consists  in  putting  two  opposite 
poles  of  two  magnets  of  the  same  force  in  the  middle  of  the  bar  that  is 
to  b«  magnetized,  and  moving  each  of  them  at  the  same  time  toward 
the  opposite  end  of  the  bar.  This  operation  is  repeated  several  times 
OD  both  sides  until  the  bar  is  magnetized. 

The  magnets  may  be  held  vertically  or  may  be  inclined. 
The  vertical  method  was  first  used  by  Knight  in  1 745, 

4-  Bj  the  Galvanic  Current, — The  bar  to  be  magnetized  is  placed 
msidc  a  coil  of  insulated  wire  through  which  a  galvanic  current  is  run- 
Difig,  and  is  then  moved  backward  and  forward,  as  in  the  method  by 
die  double  touch. 

5.  By  the  Earth, — It  is  clear  that  the  earth  is  itself  a  magnet,  for  it 
manifests  strong  inductive  power.  A  steel  rod  becomes  permanently 
magnetic  when  it  is  held  parallel  to  a  dipping-needle.  If  a  bar  of  soft 
htm  is  held  in  the  same  position  it  also  becomes  magnetic,  and  much 
more  rapidly  than  the  steel  bar,  but  docs  not  so  long  retain  its  magnet- 
isDL  If  a  soft  iron  bar,  held  in  this  position,  is  struck  a  few  times  by  a 
hanuner,  its  magnetism,  which  was  before  temporary,  becomes  per- 
mancnL  The  blows  of  the  hammer  seem  to  impart  in  some  ia^%- 
teoous  way  a  coercitive  force  to  the  temporary  magnet 

Large  masses  of  iron,  when  kept  in  a  stationary  position  for  any 
length  of  time,  always  give  proofs  of  having  been  magnetized  by  the 
earth.  Tools  in  workshops  are  apt  to  become  permanently  magnetic 
from  the  repeated  hammering  to  which  they  are  subjected.  The  mag« 
Detism  of  the  loadstone  is  due  to  the  silent  but  continuous  inductive 
action  of  the  earth.* 

Saturation  Point  of  Magnetism, — The  limit  of  the  amount  of  raag- 
nerism  that  a  magnet  can  permanently  retain  is  called  \\\e  point  0/  satu- 
ration. If  any  magnet  receives  more  of  magnetism  than  it  can  penna- 
ncntlv  retain,  it  gradually  loses  it  or  throws  it  off  until  it  falls  to  the 
point  of  saturation,  when  it  ceases  to  lose  any  more.  The  saturative 
point  of  any  magnet  depends  on  its  temper  and  coercitive  force. 

Magnetism  is  very  markedly  influenced  by  temperature.  When  a 
magnet  is  heated  it  loses  its  magnetic  power  in  proportion  as  its  tem- 
:  rises  ;  when  it  cools  it  regains  more  or  less  of  wliat  it  has  lost. 

'  On  thu  subject  we  may  refer  to  the  able  pamphlet  of  Prof.  Mayer  on  The  Earth 
•trt«iMs£mt. 
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When  glass  is  nibbed  witli  silk  it  acquires  the  power  of  attraiiin^ 
any  light  substance,  such  as  a  pith-balU  By  a  short  contact  this  prop- 
erty is  also  communicated  to  the  pith  ball,  and  it  then  repels  the  glass 
instead  of  being  attracted. 

These  phenomena  are  explained  by  the  existence  of  a  force  which  is 
termed  Electricity,  That  which  exists  in  the  glass  is  called  vitreous^  of 
positive^  or  +  electricity.  If  a  piece  of  sealing-wax  be  rubbed  with 
l!annel  it  will  attract  the  pith -ball,  which  is  repelled  by  the  glass.  This 
phenomenon  is  due  to  the  existence  of  resinous^  or  negative^  or  —  elec- 
tricity in  the  sealing-wax. 

The  name  electricity  is  derived  from  the  Greek  word  ^lorrpof,  mean* 
ing  amber,  because,  as  the  story  goes,  Thales  of  Miletus,  one  of  the 
seven  sages  of  Greece,  first  discovered  the  manifestations  of  this  mjrste- 
rious  force  by  rubbing  a  piece  of  amber  with  a  dry  doth. 

The  science  of  electricity  dates  from  1600,  when  Dr.  Gilbert,  of  CoU 
Chester,  physician  to  Queen  Elizabeth,  published  a  work  on  magnetism, 
entitled  IVactatus  de  Magnete.  He  first  used  the  word  electricity.  He 
showed  that  not  only  amber,  but  other  bodies,  as  sulphur,  wax,  etc, 
develop  electricity.  He  first  used  the  term  poles  in  magnetism,  and 
announced  the  first  theory  of  terrestrial  magnetism.  Not  only  sealing- 
wax  and  glass,  but  all  bodies  contain  more  or  less  of  electricity  that  ma; 
be  thus  developed  by  some  kind  of  frictioiL 

Conductors  and  N^nconductcrs. — All  bodies  are  electrically  divided 
into  three  classes:  CondtutorSy  semi<ondufiors,  and  n4m-<9mdmft9rt. 
Under  the  first  class — conductors — are  bduded  water  axid  aU  saltoe 
■olutions,  the  metals,  the  earths  and  stones,  the  stractures  of  plants  and 
animals,  etc,  etc  Under  the  second  class — semi-condocton — are  in- 
daded  ether,  alcohol,  dry  wood,  marble,  paper,  straw,  etc,  at  32^  F.^ 
Ueder  the  third  class — nonconductors,  or  insulators — are  inchtdedi 
Hdmg-waz,  porcelain,  resins,  sulphur,  wax,  dry  metallic  ondes^ 
«0i^  dc,  at  —  13*  F* ;   phosphorus,  india-rubber,  gottA-pociia, 
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iDlfion,  wool,  dry  hair,  silk,  shellac,  ebonite,  amber,  featbers,  chalk, 
fime,  dry  gases,  and  aqueous  vapor  in  a  dry  state. 

The  conducting  power  of  metals  may  be  lessened  ty  healing  them. 
In  nearly  all  other  substances  heat  increases  the  conducting  power. 
Certain  substances,  such  as  feathers,  wool,  hair,  and  the  atmosphere, 
which  in  a  dry  state  are  non-conductors,  become,  when  thoroughly 
moistened,  the  best  of  conductors. 

In  this  classification  of  all  substances  into  conductors,  semi-conduc- 
tors, and  non-conductors,  reference  is  had  only  to  frictional  electricity. 
Substances  that  are  semi-conductors  for  frictional  electricity  are  non- 
conductors for  galvanic  electricity. 

Frictional  electricity  may  be  obtained  not  only  by  rubbing,  but  also 
6y  cUavage  and  pressure.  When  a  piece  of  mica  is  cleaved,  the  two 
plates  which  are  separated  exhibit  opposite  electricities,  and  a  faint 
(igbt  is  observed  when  the  cleavage  is  made  in  the  dark.  The  light 
that  is  seen  when  sugar  candy  or  loaf-sugar  is  broken,  is  accounted  for 
by  the  development  of  electricity  through  cleavage. 

When  a  ihin  piece  of  cork  is  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a  negative 
electricity.  The  same  phenomena  may  be  obtained  by  cleavage  and 
pressure  of  very  many  other  substances,  and  under  diverse  condi- 
lioos. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on  some  non- 
-conducting  substance,  so  that  the  electricity  communicated  to  it  is  pre- 
vented from  passing  into  the  ground.  Glass  is  one  of  the  best  non- 
conductors, and  is  the  msulating  material  usually  employed  in  the  con- 
struction of  electrical  apparatus.  It  is  hard,  durable,  and  easily  ob- 
tained, and,  could  its  surface  be  kept  always  dry,  would  be  surpassed  as 
in  insulator  by  no  material.  In  frosty  and  dry  weather  it  acts  very  well ; 
bttt  when  the  atmosphere  is  at  all  damp,  it  becomes  coated  with  a  layer 
of  moisture,  which  very  much  impairs  its  insulating  power. 

A  much  superior  insulator  to  glass  is  ebonite,  a  preparation  of  vulcan- 
izesd  india-rubber,  that  of  late  has  been  much  used. 

Discofery  of  Electric  Conduction. — Electric  conduction  was  discov- 
ered by  Stephen  Grey  in  1729.  He  found  that  when  a  wire  700  feet 
bog,  and  hung  on  loops  of  silk,  was  connected  at  one  end  with  a  glasi 
tobc,  and  the  tube  was  rubbed,  the  other  end  of  the  wire  was  electri- 
fied and  attracted  light  bodies.  When  wire  loops  were  substituted  for 
the  dlk-loops,  the  electricity  passed  off  through  the  wire.  Hence  origi 
Dated  the  distinction  between  insulators  and  conductors. 

L$u  0/  Electricity. ^\\\  electrified  bodies  lose  electricitj  more  or  less, 
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however  carefully  thsy  may  be  insulated.     Taere  are  two  reasons  fs» 
this:— 

First  No  insulators  are  perfect  The  best  insuiatois,  as  glass  and 
rubber,  conduct  somewhat 

Secondly.  The  air  is  a  conductor ;  its  conductive  capacity  depend» 
upon  the  amount  of  moisture  in  it. 

In  vacuo,  also,  electrified  bodies  lose  their  electricity  more  rapidly 
than  in  air,  on  account  of  the  diminution  of  the  pressure  on  the  insulat 
ing  surface. 

The  human  body,  as  will  be  shown  under  Electro-physiology,  i» 
charged  with  electricity,  which  is  conducted  away  by  the  air,  and  not 
unlikely  by  other  conductors. 

Statical  Induction, — An  insulated  conductor^  when  charged  with  either 
positive  or  negative  electricity,  acts  on  bodies  placed  near  to  it  just  as  the 
magnet  acts  on  soft  iron  ;  it  attracts  the  opposite 
and  repels  the  same  kind  of  electricity.  This  may 
be  shown  in  the  following  manner  ;  A  brass  cylin- 
der (Fig.  4),  rounded  at  either  extremity,  is 
insulated  by  means  of  a  glass  rod.  Two  pith- 
balls  are  suspended  by  cotton  thread  from  each 
end.  If  an  insulated  ball  charged  with  posirive 
Fic.  4.  electricity  be  brought  in  close  proximity  to  the 

brass  cylinder,  the  pith-balls  will  diverge,  show- 
ing a  disturbance.of  the  electrical  equilibrium  in  the  cylinder.  So  soon 
as  the  charged  ball  is  withdrawn,  the  pith-balls  hang  down  as  before, 
Bhowing  that  the  electrical  disturbance  in  the  cylinder  depended  on  the 
presence  of  the  charged  ball,  and  was  merely  temporary. 

If  a  small  disk  of  insulated  gilt  paper  be  brought  in  contact  with- 
the  end  of  the  cylinder  next  the  charged  ball,  and  then  approached 
toward  an  electrometer,  the  needle  will  indicate  that  the  disk  has  re- 
ceived —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  +  electricity  will 
be  transmitted  to  the  gilt  disk. 

It  is  thus  seen  that  +  electricity  of  the  charged  ball  causes  the  near 
end  of  the  cylinder  to  assume  a  —  condition  ;  while,  according  to  a 
universal  law,  that  no  —  electricity  can  be  excited  without  an  equal 
amount  of  positive  electricity,  the  opposite  extremity  becomes  +.  The 
phenomenon  thus  described  is  called  induction^  or  influence  ;  and  while 
in  this  peculiar  electrical  condition  the  cylinder  is  said  to  I  c  polaf 
iMed. 

ImducHcn  and  Conduction  compared.^^Vft  have  seen  that  a  body  may 
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be  chsiged  mlh  clcclricity  both  by  conduction — actual  ccntact— and 
br  indactioL  at  a  distance.  In  conduction,  the  iir^t  bod/  loses  a  part 
of  its  electricity ;  in  induction  it  does  not.     In  conduction,  the  clec 

,  tiicity  given  to  the  body  is  the  sanie  as  that  which  gives  it ;  in  induc- 
tion, it  is  of  the  opposite  kind.     In  order  to  impart  electricity  by  con- 

j  doctioo,  the  body  must  be  insulated ;  to  impart  electricity  by  induction, 
the  body  must  be  for  the  time  in  connection  with  the  earth.     Bad  con 
doctors  aie  acted  on  by  induction  slotulyy  but  retain  their  electricity 
longer  ;  just  as  steel  which  is  slowly  magnetized  becomes  ^permanent 

\  Buigoet,  while  soft  iron,  which  is  rapidly  magnetized,  soon  loses  its 
mgnetism.  There  is  a  limit  to  the  conductive  capacity  of  every  elec- 
trified body  ;  when  this  limit  is  reached,  it  ceases  to  have  any  effect  oo 
the  second  body. 

Distribution  of  Electricity, — It  is  evident  that  the  greater  the  surface 
over  which  electricity  is  diffused,  the  less  is  its  power  or  intensity  at  any 
given  point. 

EUctricity  does  not  penetrate  to  the  interior  of  metallic  conductors^  but 
Hffuses  itself  o^'cr  the  surface. 
Eiperiment  proves  this.     Let  a  brass  ball  be  charged  with  electricity^ 
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Fig.  s- 

*sA  suspended  by  a  silk  thread,  and  then  covered  with  two  hemispheri- 
cal sur&ces  of  brass,  which  exactly  fit  it  When  the  hemispheres  are 
withdrawn,  it  will  be  found  that  they  are  charged  with  electricity^  which 
bu  been  entirely  taken  from  the  brass  ball. 

Faraday  illustrated  this  truth  by  a  beautiful  and  original  experiment 
with  a  conical  bag  tf  cottoa  gauze,  around  the  opening  of  which  an  in- 
lalated  ring  was  attached.  The  bag  was  held  distended  by  means  of  a 
ftlk  thread  attached  to  the  apex,  and  ihen  charged.  By  the  proof-pla^e, 
he  found  that  the  charge  was  wholly  on  the  outside.  The  bag  was 
then  turned  inside  out  by  pulling  the  thread  the  other  way,  when  it  wai 
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found  that  the  electricity  bad  changed  sides,  and  lay  u.ho!iy  on  the 
outside. 

Density. — The  quantity  of  electricity  on  a  given  surface  at  any  montenx 
is  called  electric  density,  or  thickness. 

The  shape  of  a  body  has  an  influence  in  the  distribution  of  electricity 
over  it 

In  an  ellipsoid,  for  example,  the  density  is  greatest  at  the  small  end 
and  least  at  the  middle  space. 


Fio.  6. 

On  an  insulated  cylinder,  with  the  two  hemispheres  at  the  ends,  the 
density  of  the  electricity  is  greatest  at  the  ends.  On  a  circular  disk, 
the  density  is  greatest  at  the  edges.  TJie  tendency  is  for  electricity  to 
accumulate  at  points.  On  a  sphere  the  density  is  uniform  ;  the  further 
removed  a  body  is  from  a  sphere  the  more  irregular  the  distribution. 

In  ail  pointed  rods  the  electricity  accumulates  at  the  pointed  ex- 
tremities ]  hence  lightning  rods  are  made  to  terminate  at  sharp  points. 
In  electro-physiology  and  electro-therapeutics  it  is  found  that  small, 
pointed  electrodes  cause  much  more  pain,  the  strength  of  the  current 
being  the  same,  than  large,  broad  electrodes.  Hence,  except  in  those 
cases  where  it  is  desired  to  confine  the  action  of  the  current  to  a  very 
limited  surface,  electrodes  of  pretty  good  surface  are  desirable. 

Mleetric  Machines. — This  term  is  exceedingly  vague.  It  is  applied 
to  any  and  all  forms  of  electrical  apparatus.  The  first  electric  macliine 
was  made  in  1672,  by  Otto  von  Guericke,  of  Magdeburg.*  It  consisted 
of  a  globe  of  sulphur,  turned  on  its  axis  by  one  hand  and  pressed  against 


♦  Fxperimenta  Nova.     MagdeburgioL 


HOLTZ*S   MACHINE     • 

Other  hand      Aftenvard   a  glass  cylindei   was   used   instead  of 
nlpbor. 

In  1740  Winckler  subsrilxited  cushions  of  horse-hair  as  rubbers.  In 
1760  Rams  Jen  substituted  a  circular  glass  plate  for  the  glass  cylinder. 
The  fonns  of  electric  machines  now  used  are  modifications  of  Rams- 
deo'&  This  is  one  of  the  forais  of  apparatus  firom  which  we  obtain 
statical  electricity.  Fig,  7  represents  the  common  cylinder  electrical 
machine,  for  developing  electricity  by  friction. 
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Jfffiiifs  Electropfwrus  Machine. — ^The  best  and  most  recent  form  of 
jppaiatus  for  statical  electricity  is  the  electrophorus  machine  that  was 
bveoted  by  Holtx,*  of  Berlin,  in  1865.  In  diis  machine  the  electricity 
ii  generated  not  by  friction,  but,  as  in  the  electrophorus,  by  inductive 
attwm.  The  machine  consists  of  two  glass  disks  and  paper  coatings, 
with  a  Dtuuber  of  conductors.  One  of  the  disks  revolves  on  its  axis; 
the  other  remains  immovable.  The  disks  and  paper  coatings  are  cov- 
ered with  sealing-wax. 

The  metallic  conductors  are  made  in  a  comb-shape.  An  incision  io 
the  immovable  disk,  with  the  paper  coating  and  metallic  conductor,  ia 
called  an  ctemenL  The  machine  may  have  two,  four,  sisc,  or  eight  of 
these  elements.  Wben  rotated^  the  paper  coating  becomes  charged  with 
ncfgabre  electricity :  the  corresponding  part  of  the  movable  disk  be- 
ooaie»  charged  with  positive  electricity.  The  conductor  corresponds 
10  the  finger  of  the  experimenter.     The  length  of  the  spark  produced 


*  A  Mtilar  machine  was  coostmctetl  about  the  same  time  by  Toplcr. 
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by  the  raachine  depends  on  the  size  of  the  disk,  which  inay  be   u,  ai 
or  30  inches  in  diameter.     These  machines  are   also  called  rota:i4m 
multipliers,  because  by  their  rotary  motion  they  multip  Jy  by  successive 
transmissions  the  charge  of  dectricity  that  they  coraminicatc. 
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Electric  Spark. — An  interesting  phenomenon  connected  with  the 
electrical  machine  is  the  electric  spark  wliich  is  drawn  fiora  the  con- 
duclor  when  the  finger  is  presented  to  it. 

The  positive  electricity  of  the  conductor  decomposes  the  electricity 
of  Ihc  body.  Attracting  the  negative  and  repelling  the  positive,  and,  when 
f  the  leuMon  is  great  enough,  these  opposite  electricities  overcome  the|, 
ffVtiitancc  of  the  air  and  reconibine,  with  a  spark  and  crackling  sound 
Th«  iipMk  it  accompanied  by  a  prickly  sensation.  When  the  spark  is 
«hort  it  i»  straight ;  beyond  two  or  three  inches  in  lengt'a  it  becomei 
curvod  01  iigxag.  like  the  lightning  in  the  sky. 
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The  human  body  may  be  charged  with  electricity  by  sitting  on  an 
fninlJiting  stool  and  touching  the  conductor  of  an  electrical  machine. 

When  the  body  is  thus  charged,  the  hair  diverges,  a  peculiar  sensa 
lJon  is  felt  in  the  face,  and  if  any  other  person  standing  on  the  giound 
touches  one  so  diarged,  he  receives  a  spark,  with  a  crackling  sount* 
-and  a  pricking  sensation. 

EUctrophorus. — The  electrophorus,  invented  by  Volta,  in  1775,  con- 
-ststsof  a  metallic  mould,  filled  ^^'ith  a  mixture  of  shellac  and  turpentine, 
and  a  movable  metallic  cover  that  is  provided  with  a  glass  handle. 
The  surface  of  the  shellac  is  negatively  electrified  by  beating  it  with  a 
cat's  fiir  or  fox-tail.  The  cover  is  then  put  on,  and  by  contact  be- 
-oomes  negatively  electrified,  and  gives  to  the  finger  a  slight  spark  of 
tiegative  electricity.  If  the  cover  be  now  removed  by  its  insulating 
handle,  it  gives  positive  electricity  to  whatever  touches  it.  This  posi- 
tive electricity  it  acquires  not  directly  from  the  shellac,  but  by  inductivt 
xietion  through  the  air. 

G4>ld'Leaf  EU^trostope, — By  this  instrument  we  are  enabled  not 
cnly  to  detect  the  presence,  but  to  determine  the  kind,  of  electricity 
that  may  exist  in  any  body. 

Fig.  9  represents  Bennett's  electroscope.     B  is  a  tubulated  glasi 
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ik»At^  enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of  which 
it  coaimnnicatea  with  the  ground.  A  metal  rocl,  fitting  in  the  tubule  of 
die  dttde,  tenninates  at  its  upper  extremity  in  a  knob,  C,  and  at  its 
lower  extremity  it  holds  two  narrow  strips  of  gold  leaf.  On  the  inside 
ti  Che  shftde  are  two  strips  of  gold  leaf  reaching  to  the  metal  cover 
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If  a  body  charged  with  either  kind  of  electricity  is  brought  in  contad 
with  the  knob,  the  gold  leaves  diverge. 

Thomsofi's  Quadrant  Electrometer. — A  far  superior  instrument  for 
all  delicate  researches  is  the  quadrant  electrometer  of  Sir  William 
Thomson.  This  instrument  is  quite  complex,  and  only  in  a  general 
way  shall  we  attempt  to  describe  it  A  delicate  aluminum  needle, 
two  inches  long,  is  hung  by  two  cocoon  threads  in  a  glass  jar,  which  is 
one-sixth  filled  with  sulphuric  acid.  From  the  needle  a  delicate  thread 
of  platinum  drops  into  the  acid.  The  needle  is  thus  free  to  swing  hori- 
zontally a  little  distance,  or  until  the  torsion  of  one  of  the  threads  by 
which  it  is  hung  forces  it  back  to  its  original  position.  Above  the 
needle  a  very  delicate  mirror  is  suspended.  WHien  the  aluminum  needle 
is  charged  with  electricity,  which  is  conducted  through  the  sulphuric 
acid  and  carried  up  the  platinum  wire,  the  needle  is  repelled  or  at- 
tracted according  as  the  electricity  is  positive  or  negative.  Behind  a 
screen,  at  some  little  distance,  is  placed  a  lamp,  the  light  of  which 
reaches  the  needle  through  a  slit  in  the  screen.  On  the  screen  is  a 
scale  ;  a  very  slight  movement  of  the  needle  is  reflected  by  the  mirror 
above  it  on  the  scale.     An  exceedingly  slight  displacement  of  the  needle 
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will  cause  a  very  large  displacement  of  the  image  reflected  on  the 
icale.  Thus  this  instrument  is  of  great  value  in  very  delicate  researches. 
Lcydenjar. — The  Leyden  jar  is  made  of  glass,  with  a  coaling  of  tin- 
foil pasted  carefully  inside  and  out,  extending  to  within  a  few  inches  of 
the  mouth.  Through  a  varnished  wooden  cover  a  wire,  having  a  knob 
at  top,  is  passed,  and  extends  to  the  inside  coating.  Now,  when  eidier 
positive  or  negative  electricity  is  communicated  to  the  knob  at  the 
lop,  it  is  immediately  diifused  over  the  whole  inside  coating  ;  and  by  iti 
»nductive  influence  the  outside  coating  takes  on  the  opposite  Idad. 


LEYDEN  JAR. 


17 


When  in  this  state, — ^the  two  coatings  being  oppositely  electrified, — 
ihc  jar  is  said  to  be  charged  ;  and  a  discharge  taires  place  when  a  com* 
omittcatiofi  is  established  between  the  knob  and  the  outside  coating, 
die  equilibrium  being  restored  with  a  bright  flash  of  light  &»d  a  sharp 
vqyorL 

As  the  human  system  is  a  good  conductor,  this  discharge  may  take 
plice  through  it,  by  grasping  the  outside  coating  with  one  hand,  and 
tOndnDg  the  knob  at  the  top  with  the  other  ;  or  several  persons  may 
fonn  a  line  by  grasping  bands,  the  one  at  one  extreme  touching  the 
outside  coating,  while  the  one  at  the  other  extreme  touches  the  kncb. 
All  will  feel  the  shocks  as  it  is  called,  at  the  same  instant  While  the 
jar  is  receiving  the  charge,  it  must  not  be  insulated ;  that  is,  the  outside 
must  communicate  with  the  earth.  As  the  positive  fluid  collects  00 
the  inside,  the  outside  becomes  negative  by  the  expulsion  of  the  posi- 
tire  duid  naturally  in  it,  and  the  accumulation  of  the  negative  fluid  in 
its  stead,  drawn  from  the  earth.  But  if  the  outside  is  insulated,  tliese 
transfers  to  and  from  it  cannot  take  place,  and  therefore  the  jar  cannot 
become  charged, 

A  submarine  cable  is  really  a  vast  Leyden  jar.  The  wire  constitute* 
the  inttrior  coating,  tlie  water  the  exterior  coating,  and  the  gutta^ 
percha  the  insulator  between  them.  On  this  account  the  passage  of 
u  electric  current  through  a  submarine  cable  is  greatly  retarded. 

History  ef  tht  Leyden  Jar. — In  October,  1745,  a  bishop  of  Cammin, 
in  Pomerania,  Von  Kleist  by  name,  passed  through  a  cork  in  the  neck 
of  a  flask  an  iron  nail  connected  with  an  electrical  machine.  The  flask 
contained  mercury  or  alcohol  On  touching  the  nail,  Von  Kleist  re- 
ceived a  severe  shock.  In  January,  1746,  Cuneus,  AUamand,  and 
Uusschenbroek  passed  a  wire  from  an  electrical  machine  into  a  flask 
filled  with  water,  ^fusschenbroek  held  the  flask  in  his  right  hand,  and 
when  a  turn  was  given  to  the  machine,  he  received  a  spark  from  the 
conductor  with  his  left  hand 

The  spaik  wis  so  terrible  that  he  declared  he  would  not  receive 
another  like  it  for  the  French  crown.  He  observed  what  Kleist  did 
oo^  that  only  the  person  who  held  the  jar  received  the  shock.  In  this 
experiment  \hthand  0/  the  observer  corresponded  to  the  outer  coating 
of  the  ordinary  Leyden  jar.  He  was  the  most  scientific  of  the  three 
Leyden  philosophers  who  have  given  the  name  to  the  Leyden  jar. 

The  theory  of  the  Leyden  jar,  and  apparatus  similar  to  it,  was  given 
by  Franklin  in  1747.  In  the  same  year  Watson,  Bishop  of  Llandafi; 
lent  a  discharge  from  a  Leyden  jar  through  2,800  feet,  and  subsequentli 
through  10,600  feet  of  wire. 
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Experiments  like  these  were  also  made  bjr  Franklin  across  tfaeSdm>l- 
kilL 

For  a  long  time  Franklinic  electricity  was  the  onlj  form  nsed  in  electro 
therapeutics.  At  present  it  is  but  little  nsed  except  in  certain  hos 
pitals  and  public  institutions.  Its  value  as  a  therapeutic  agent  i^ 
however,  unquestioned,  and  now  diat  some  of  the  inoonveniencet 
attending  its  use  have  been  removed  by  Holt^s  madiinf,  it  it  just  thai 
it  should  have  a  Cur  and  carefiil  trial  at  the  hands  of  modem  elecli» 
therapeutiats. 


CHAPTER  III. 


OALYANISII,    OR   VOLTAIC   ELECTRICITY. 


Under  the  general  term  Dynamical  Electricity  is  included  the  elec 
^tricity  which  arises,  firsts  from  chemical  action— especially  from  tha: 
attending  the  dissolution  of  metals — called  galvanism  or  voltaic  elec- 
tricity ;  secondly^  from  induction  by  currents  or  magnets,  called 
indiued  electricity,  electro-magnetism^  or  magneto-electricity ;  thirdly^ 
from  heat,  called  thermo-electricity.  These  varieties  are  called  dynam- 
ual  electricity,  signifying  electricity  in  motion  as  distinguished  from 
frictional  or  statical  electricity,  which  denotes  the  electrical  condition 
of  bodies  in  which  electricity  remains  insulated  or  stationary.  Strictly 
speaking,  these  terms — dynamical  and  statical — ore  applicable  to  both 
blanches  of  the  science ;  for  if  the  poles  of  a  series  of  galvanic  batteries 
«ie  insulated,  they  manifest,  before  the  current  begins,  the  electric 
tension  of  a  friction  machine.  Again,  the  characterisrics  of  the  gal- 
vanic current  are  manifested  slightly  in  the  series  of  discharges  which 
Rie  transmitted  in  a  wire  connecting  the  prime  conductor  of  a  machine 
in  action  with  the  ground  or  other  negative  conductor. 

Nature  and  Definition  of  Force  and  its  Relation  to  Afaiier. — Force  is 
that  which  produces  motion.  It  is  itself  a  primary  motion  and  cannot 
be  defined.  Matter  is  a  collection  of  centres  of  force  called  atoms. 
Molecules  are  collections  of  atoms.  A  molecule  is  the  smallest  particle 
into  which  a  body  can  be  divided  without  losing  its  identity. 

The  molecules  of  a  gas  are  in  rapid  and  continuous  motion,  and  the 

itivc  velocities  in  different  gases  has  easily  been  determined.  These 

;>tions  and  velocities  are  the  result  of  the  forces  of  which  matter  con- 
sists. It  must  be  similarly  true  of  liquids  and  solids  :  force  and  motion 
are  tkt  bases  of  their  constitution.  Indeed,  without  force  matter  would 
not  cxisi  at  all,  for  matter  is  simply  an  aggregation  of  centres  of  force, 

PandarahU  Matter  is  a  form  of  force  which  our  senses  recognize, 
S^ur  pervades  all  matter  and  all  space,  but  it  is  not  recognized  bv 
•eine,  and  yet  it  is  none  the  less  a  manifestation  of  centres  of  force. 

EU:trici\Y  ccmfared  with  other  Forcts. — If  force  be  added  to  mattet 
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the  eqiuUbriuni  of  that  point  is  distuioed,  and  the  d.sli.rbance  is  proi>& 
gated  frona  molecule  to  molecule,  through  matter,  or  ether^  nr  Loth. 
Heat  by  conduction  and  mass-motion  are  of  matter  only.  Heat  bf 
radiation  and  light  arc  of  the  ether  only.  Electricity  is  now  regarded 
as  a  movement  of  the  ether,  and  of  the  body  in  which  it  circulates. 
Chemical  action  is  a  rearrangement  of  atoms.  After  this  action  the 
sum  of  the  activities  of  the  molecules  of  the  resulting  product  is  dif 
ferent  from  that  which  its  factors  previously  had.  This  difference  is 
force,  and  appears  sometimes  as  light,  and  under  certain  conditions  as 
electricity,  but  it  is  rarely  or  never  confined  to  one  mode  of  manifes- 
tation. TJu  condition  for  the  generation  of  electricity  by  chemical  action 
appears  to  be  thai  this  action  takes  place  at  the  surface  of  a  conductor 
through  which  a  current  {so  called)  can  circulate.  Since  the  current  is 
made  of  motion  of  the  molecules  of  the  conductor  through  which  it 
passes,  and  of  the  ether,  the  nature  of  the  conductor  must  modify  the 
current  itself  It  is  known  that  the  current  through  a  telegraph-wire 
500  miles  long  meets  the  greater  part  of  its  resistance  in  the  fii^t  100 
miles.  The  current  is  modified  by  the  material  and  length  and  si/e  of 
the  wire. 

The  differential  physiological  effects  of  induction-coils  of  different 
lengths  and  fineness  may  thus  be  in  part  explained.  These  differential 
effects  will  be  spoken  of  in  the  electro-therapeutical  portion  of  this 
work. 

TTie  Chemistry  of  the  Battery  not  yet  Exact. — Chemistry  can  never 
be  an  exact  sdence  until  temperature,  specific  heat,  and  matter  are  all 
considered,  and  justly  estimated  in  all  reactions.  This  has  not  yet  been 
accomplished. 

We  are  unable  to  state  a  priori  what  must  be  the  electro-motive  force 
of  the  different  batteries  in  use,  since  that,  as  we  have  seen,  depends 
on  data  hereafter  to  be  determined.  Frequently,  however,  we  are  able 
to  state  which  of  two  reactions  must  evolve  the  greater  force,  and  so, 
under  like  circumstances,  the  stronger  electric  current.  This  is  done  by 
inspection  of  the  electro-chemical  series  of  elements.  That  series,  how- 
ever, must  vary  with  the  temperature,  so  that  it  is  no  sure  guide. 

OJUce  of  the  Water  in  the  Battery. — The  water  used  in  all  common 
batteries  serves  as  a  solvent  of  tlie  salt  formed  in  the  reaction.  When 
the  water  used  becomes  saturated  by  this  salt  the  current  stops,  and  il 
declines  in  power  as  the  solution  approaches  saturation. 

OJice  of  the  Metals  in  the  Battery. — Of  the  two  metals  in  any 
battery  one  only  enters  into  the  reaction.  Zinc  has  generally  filled  thai- 
place  in  all  the  best-known  batteries,  because  it  is  nearer  the  negative 
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end  of  the  electro-chemical  series  than  any  other  common  and  conve- 
nient metal.  Potassium  or  sodium  would  be  the  dtau  ideal  of  the  negative 
metal,  but  they  are  not  convenient  or  practicable.  Any  metal  or  con- 
ductor which  is  not  acted  on  by  the  fluid  in  which  it  is  immersed  may 
occupy  the  other  place  in  the  couple. 

All  modem  research  tends  toward  the  conclusion  that  the  different 
forms  of  electricity  which  we  variously  distinguish  as  magnetism^  Frank- 
Jimsm,  ^aJvanisMy  eUctro-magneiism^  are  but  expressions  of  one  force, 
which  force  is,  as  we  have  seen,  but  a  mode  of  motion  of  the  universaJ 
fccthcr.  Very  recently  a  European  physicist  has  estimated  the  electro- 
BOtivc  force  of  Holu's  machine,  and  has  expressed  it  in  a  mathematical 
form,  so  that  it  may  be  compared  with  the  ordinary  galvanic  batteries, 

Jo  the  present  chapter  we  shall  speak  of  the  form  of  electricity  that 
b  generated  by  chemical  action — galvanism  or  voUaism.  Analogy  and 
experience  make  it  more  than  probable  that  all  chemical  action  whatso- 
ever is  attended  with  the  evolution  of  electricity ;  and  reasoning  still 
fiirther  we  may  believe  that  all  molecular  disturbance,  however  excited, 
mast  give  rise  to  electrical  disturbance.  The  play  and  interplay  of 
electrical  phenomena  are  incessant  and  infinite ;  electrical  force,  like 
light  and  gravity,  is  everywhere  being  generated  and  everywhere  acting. 
If  we  are  unable  to  detect  the  electricity  generated  by  chemical  action 
only  under  certain  conditions,  or  when  generated  in  comparatively 
large  quantities,  it  is  because  of  the  imperfections  of  our  knowledge  and 
^  want  of  sufficient  refinement  in  our  apparatus  for  collecting  and 
aeasuring  electricity. 

As  a  matter  of  experience  it  is  found  that  chemical  electricity  is  most 
conveniently  generated  by  the  reactions  that  take  place  between  two 
aetals  and  some  add  solution,  and  as  a  matter  of  convenience  and 
economy  zinc  is  the  metal  at  tlie  expense  of  which  the  electrical  force 
is  evolved,  the  other  metals  acting  merely  as  conductors ;  but  the 
combinations  that  are  actually  employed  by  physicists  are  but  a  fraction 
of  those  that  are  possible  and  conceivable. 

Every  year  new  batteries  and  modifications  of  old  batteries  are  de 
rised,  but  all  of  them  are  based  on  the  general  principle  that  chemical 
action  of  any  sort  whatsoever  is  attended  by  the  evolution  of  electri- 

We  present  below  brief  descriptions  of  some  of  the  principal  batteries 

that  are  now  in  use.     All,  or  nearly  all  of  them,  in  their  original  shape, 

or  under  various  modifications,  are  used  in  electro-therapeutics.     We 

shall  not  attempt  to  exhaust  the  list,  but  to  illustrate  those  that  are  best 

-iuoim,  loost  useful,  and   are  most  thoroughly  representative.     Those 
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who  understand  the  principle  on  vhich  these  batteries  are  constxacted 
will  not  find  it  difficult  to  understand  an/  ncir  modification  of  them  thai 
may  arise. 

Here  let  as  interpose  the  remark,  that  the  time  and  energy  that  are 
deroted  to  the  study  of  the  chemistry  of  batteries  will  not  be  wasted 
time — will  indeed  be  spent  most  wisely — for  half  the  annoyances  of 
young  and  old  electio-therapeutists  comes  from  the  difficulty  of  keeping 
their  batteries  in  order.  This  difficulty  will  be  diminished  one-half  and 
more  when  we  really  understand  the  mechanism  of  batteries  and  the 
laws  that  govern  their  action. 

Simple  Galvanic  Circles. — In  the  formation  of  a  simple  galvanic 
circle  there  are  usually  metals  and  a  liquid. 
Fig.  II  constitutes  such  a  circle. 

Let  C  and  Z  represent  respectively  plates 
of  copper  and  zinc  introduced  into  dilute 
acid,  and  connected  by  a  wire.  An  electrv 
cal  disturbance  takes  place  over  all  ths 
surface  of  the  rinc  covered  by  the  liquid. 
Positive  electricity  is  generated  at  the  zinc 
element,  and  flows  through  the  liquid  to  the 
copper,  and  thus  a  constant  current  is  e*. 
tablished  over  tlie  wires,  as  shown  by  the 
Fic.  II.  arrows. 

So  far  as  the  galvanic  action  is  concerned, 
it  matters  not  whether  the  plates  touch  each  other  or  are  coimected  by 
wires,  as  in  the  figure.  A  current  is  formed,  whether  contact  is  made 
between  the  plates  eitlier  above  or  below  the  liquid.  In  everj'  instance, 
however,  a.  circuit  mxxst  be  formed,  around  which  the  electricity  may  flow. 
The  electricity  may  traverse  the  circuit  either  in  a  single  cxirrent  or 
in  a  number  of  partial  currents,  into  which  it  may  divide  itself  when 
the  plates  are  brought  in  contact  along  their  whole  surfaces.  When 
the  plates,  or  the  wires  which  connect  them,  are  in  contact,  the  circuit 
is  said  to  be  closed ;  when  they  are  separated,  it  is  said  to  be  broken,  or 
^en.  The  electricity  is  generated  wholly  by  the  chemical  action  of 
the  acid  upon  the  zinc,  and,  other  things  being  equal,  the  quantity  of 
electricity  set  in  motion  will  be  proportional  to  the  extent  of  zinc  sur- 
fece  exposed  to  the  acid. 

The  terms  Electro-positive  and  Electro-negative. — Both  in  simple 
and  compound  circles  the  electricity  always  moves  in  the  liquid  of  the 
batter)'  from  the  zinc  to  the  copper ;  and  out  of  the  liquid,  from  the 
copper  to  the  zinc     This  should  be  remembered,  since  the  zinc  ai 
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mUed  the  eUciro  positive  demtnt,  although  out  of  the  liquid  ;/  U  ntga- 
~Hre;  and,  consequently,  in  the  decomposition  that  occurs  in  the 
battery,  that  element  which  goes  to  the  zinc  pole  is  called  the  electro- 
poafh'e  element,  being  attracted  by  its  opposite  force  ;  while  the 
ekment  going  to  the  copper  is  called,  for  the  same  reason,  the  electro- 
negative— a  current  from  t«'0  liquids  and  one  metal. 

Two  liquids  and  one  metal  can  also  produce  a  circuit  as  well  as  on© 
liquid  and  two  metals.  Becquerers  oxygen  battery  (pile  a  oxyg^ne)  ii 
one  of  the  best  arrangements  of  this  kind.  The  current  is  produced  by 
the  action  of  caustic  potash  on  nitric  acid,  platinum  forming  the  cod- 
dncting  arc 

Homogtneity  of  the  Galvanic  Circuit. — In  frtttional  electricity  there 
are  points  which  form  the  seat  of  4-  or  —  electricity.  On  the  con- 
trary, in  a  wire  where  a  galvanic  current  is  circulating,  there  are  no 
such  points.  It  has  no  power,  like  frictional  electricity,  to  attract  or 
repel  objects.  The  wire  feels  and  behaves  no  differently  when  the 
current  is  passing  than  when  it  is  not.  The  wire  conducts  so  much 
better  than  the  air  that  the  current  follows  it.  Its  force  is  the  same  at 
rrery  point,  in  the  battery  or  in  the  circuit.  Making  interruptions  in 
it  at  different  points,  and  sending  currents  through  solutions  of  sulphate 
aS  copper,  the  same  amount  of  copper  is  deposited  at  each  of  the 
places  where  the  interruption  is  made.  If  we  connect  the  several 
breaks  by  pieces  of  platinum  wire,  each  wire  will  be  heated  to  the 
•ame  temperature. 

In  shirty  the  magnetic -heating  and  chemical  and  other  effects  of  the 
current  are  the  same  at  ntery  point  in  the  circuit. 

Polarity  of  the  Circuit. — If  the  wire  in  which  the  current  nms  be 
cat  or  broken  at  any  point  in  the  circuit,  the  current  ceases  to  flow — 
duu  iSi  ceases  to  be  dynamic,  but  at  the  two  cut  ends  there  is  statical 
deetrieity.  One  end  of  the  cut  wire  will  be  charged  with  -f  and  the 
other  with  —  electricity.  The  amount  of  this  statical  electricity  will 
depend  on  the  original  strength  of  the  current  before  the  interruption 
was  made. 

By  the  condensing  electroscope  it  can  be  shown  that  each  end  of 
the  cut  wire  b  charged  with  an  opposite  electricity,  and  the  amount  of 
this  can  be  estimated  If  we  take  away  any  part  of  the  wire  entirely 
frooi  the  circuit,  the  piece  of  wire  taken  away  is  out  of  the  circuit  en- 
lircly :  but  if  the  ends  of  the  wires  at  each  point  of  interruption  be 
tfp|>ed  in  a  fluid  that  is  decomposed  by  the  current,  the  circuit  will  be 
again  completed,  and  it  will  be  found  that  the  part  of  the  wire  that  in 
tadLen  away  has  opposite  electricities  at  tiie  ends. 
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Siniilarh',  also,  the  solurion  in  the  battery  and  the  metals  thi 
like  the  connectirig  wire,  are  +  at  one  end  and  —  at  the  oth 
circuit  throughout  consists  of  +  following  —  and  —  followin 
appears  to  be  electrically  the  same  throughout. 

Electrical  Relations  of  the  Elements. — In  the  galvanic  eel 
decomposition  of  the  water,  oxygen  arises  at  the  positive 
hydrogen  at  the  negative. 

The  metals  assume  opposite  electricities,  the  zinc  being  poi 
the  copper  negative.  V 

Since  electricities  that  attract  each  other  are  opposite  to  ffll 
the  substances  that  are  liberated  at  the  positive  pole  are  calle 
negative,  and  the  substances  liberated  at  the  negative  pole  a 
electropositive.  Thus,  in  the  decomposition  of  the  batter 
which  is  liberated  at  the  zinc  is  electro-negative,  while  hydrog 
is  liberated  at  the  copper  or  platinum  is  electro-positive. 

The  elements  have  been  arranged  as  to  their  electro-chc 
lations  when  associated  in  pairs  in  the  galvanic  cell.  Ace 
recent  chemistry,  atoms  are  arranged  in  two  classes,  accordin 
combining  power.  Positive  atoms  are  those  which  are  attraci 
negative  electrode  in  electrolysis,  and  whose  hydrates  a 
Negative  atoms  are  those  that  are  attracted  to  the  positivi 
electrol)'sis,  and  whose  hydrates  are  acids.  The  electro-chemi 
are  presented  below  : 


Electro-Chemical  Series. 


Negative  end  — . 

Silicon. 

Zinc. 

Oxygen. 

Hydrogen. 

Manganei 

Sulphur. 

Gold 

Lanthanu 

Nitrogen, 

Osmium. 

Didymiur 

Fluorine. 

Iridium. 

Cerium. 

Chlorine. 

Platinum. 

Thorium. 

Bromine. 

Rhodium. 

Zirconiunr 

Iodine. 

Ruthenium. 

Aluminun 

Selenium. 

Palladium. 

Erbitim. 

Phosphorus. 

Mercury. 

Yttrium. 

Arsenic 

Silver. 

Glucinum 

Chromium. 

Copper. 

Magnesiu; 

Vanadium. 

Uranium. 

Calcium. 

Molybdenum. 

Bismuth, 

Strontimn 

ELECTRO-CHEMICAL  SERIES— AMALGAMATION. 


Ttingstei*. 

Tin. 

Barium. 

Boron. 

Indium. 

Lithium. 

Carbon. 

Lead. 

Sodium. 

Antimooy. 

Cadmium. 

Potassium. 

TelluriunL 

Thallium. 

Rubidium. 

Tantalum. 

Cobalt 

Caesium, 

Colurabium. 

Nickel. 

Positive  end  +. 

Titanium. 

Iron. 

Each  atom  of  any  of  the  substances  in  this  list  is  positive  to  any 
Unm  of  any  substance  above  it,  and  negative  to  any  one  below  it. 
These  distiilctions  are  therefore  purely  relative. 

Thus,  for  example,  copper,  when  associated  in  a  galvanic  pair  in  the 
proper  fluid  with  any  one  of  the  elements  below  it,  generates  positive 
electricity  and  becomes  electropositive,  but  when  associated  with  any 
OBe  of  the  elements  above  it,  becomes  electro  negative. 

The  more  electro-negative  any  one  of  the  elements  in  this  series  is 

Co  a  given  element,  the  more  intense  will  be  the  current  generated 

when  they  are  united  in   a  galvanic  pair.     For  examfjle,  the  current 

genemted  by  zinc  and  copper  is  feebler  than  that  obtained  from  zinc 

*aod  platinum,  and  the  current  is  less  when  carbon  is  substituted  for 

the  platinum.     The  order  in  the  above  arrangement  is,  however,  by  no 

Lneans  absolute.     The  relative  position   of  the   metals   depends   fre- 

'  -qucntly  on  the  liquid  in  which  they  are  immersed.     Thus  silver  is  — 

toward  lc?.u  in  a  s>Dlution  of  dilute  sulphuric  acid,  while  in  a  solution 

of  cjran*  je  of  potassium  it  is  +  toward  it. 

Amtalgamaiion. — If  pure  zinc  is  immersed  in  dilute  sulphuric  acid 
DO  change  is  manifest,  while  ordinary  commercial  zinc  is  quickly  dis- 
solved by  it  The  action  of  the  dilute  acid  or  zinc  is  due  to  the  im- 
pwities  of  iron  or  lead  whidi  it  contains.  These  impurities  are  electro- 
negative toward  zinc,  and  they  cause  local  currents  of  electricity. 
When  the  battery  is  closed,  these  local  currents  interfere  with  the 
action  that  produces  the  main  current ;  when  the  current  is  open,  they 
may  still  keep  up  their  action,  as  is  evidenced  by  the  bubbling  up  of 
the  gases,  and  thus  the  zinc  may  be  in  time  destroyed. 

Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
csote,  not  only  consumes  the  power  of  that  member,  but  reduces  ihe 
inergy  of  the  whole  series.  In  order  lo  avoid  this  evil,  resulting  from 
local  actkm,  it  is  necessary  that  the  zinc  plates  be  amalgamated  with 
mtiouj.  The  amalgamated  surfaces  are  reduced  to  one  uniform 
dfftitr*'  condiiion,  like  pure  zinc,  and  will  remain  in  the  fluid  for  anj 
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leagtb  of  dne  macted  on,  nndl  connected  vitfa  the  electnMiegBtnrt 
dcntcnt. 

At  tfae  present  time  all  improved  batteries  are  ccsiiructed  with  ainal- 
gaaoated  zinc 

How  to  amalgamaie  Zinc. — To  amalgamate  zinc,  first  immerse  it  in  a 
Solution  of  dilute  sulphuric  acid  of  almost  anj  strength,  so  as  to  cleao 
the  sur&ce ;  then  dip  it  in  mercury,  or  pour  mercury  over  it,  and  rub 
it  on  with  a  brush  or  sponge  or  doth.  The  mercury  will  spread  very 
rapidly  over  the  surface  of  the  zinc,  and  give  it  a  tnight,  mercury-'like 
appearance. 

The  an  of  amalgamating  zinc  is  of  great  practical  importance  to  the 
dectro-tbcrapeutist,  since  nearly  aU  tfae  batteries  in  common  use  have 
nnc  for  one  of  the  metals.  Amalgamated  zinc  was  first  used  for  gal- 
vanic batteries  by  Kemp,  in  1S26. 

Chemical  Action  the  Origin  of  the  Current. — ^When  the  electrically 
opposite  metals — zinc  and  platinum,  for  example — arc  dipped  in  acidu- 
lated water  and  united  at  their  ends,  either  directly  or  by  a  wire,  the 
zinc  has  so  strong  an  attraction  for  the  oxygen  of  the  water  that  it  unites 
with  it  and  forms  the  oxide  of  zinc  This  oxide  of  zinc  combines  with 
the  sulphuric  acid  and  forms  sulphate  of  zinc.  The  hydrogen  of  the 
water  escapes  in  the  form  of  gas  at  the  platinum.  The  result  of  this 
chemical  action  is  a  current  of  electricity.  The  zinc  (the  electro- 
negative element)  dissolves,  and  the  quantity  of  electricity  generated 
is  proportioned  exactly  to  the  quantity  of  zinc  dissolved. 

It  had  been  supposed  by  Volta  and  his  followers  that  simple  cotttaei 
of  the  metals  was  all  that  was  necessary  to  excite  the  current ;  but 
Faraday  showed,  by  two  very  beautiful  experiments,  that  mere  contact 
was  not  sufficient — that  there  must  be  chemical  action  in  the  cell  ia 
order  to  obtain  a  current-  It  is  possible  that  all  chemical  actions  are 
attended  with  the  generation  of  electricity  ;  but  only  under  certain  con- 
ditions, or  when  the  amount  is  considerable,  are  we  able  to  detect  iu 

In  what  way  does  Chemical  Action  generate  the  Current  i — In  science 
it  often  happens  that  the  simplest  and  easiest  questions  are  the  hardest 
to  answer.  Just  how  the  current  is  excited  by  chemical  action  we  do 
not  fully  know.  We  know  that  when  the  diflferent  metals  touch  each 
other,  the  positive  electricity  will  go  to  one  metal  and  the  negative  to 
the  other.  This  disturbance,  however,  is  only  momentary,  and  equili- 
briimi  is  at  once  restored,  and  no  current  continues. 

Now  we  may  regard  the  atoms  of  oxygen  and  hydrogen  that  make 
up  a  molecule  of  water  as  charged  with  opposite  electricities,  like  two 
different  metals,     WTien  zinc  and  platinum  are  dipped  in  water,   the 
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poshiirely  charged  atom  will  turn  toward  one  metal  and  the  negative 
toward  the  other;  but  as  long  as  the  metals  do  not  touch  each  other 
the  eqmlibrtuni  is  at  once  restored,  and  there  is  no  current  The  free 
Cfkda  of  the  metals  are  in  a  state  of  electric  tension,  and  are  capable 
^of  dkdiarging  themselves  into  a  condenser  or  Leyden  jar.  When  the 
r  are  made  to  touch  each  other ^  or  are  connected  by  wires,  they  are 
I  of  their  charge,  and  again  become  charged  ;  then  again  relieve 
Ithemsdves,  and  so  on  indefinitely.  There  is  no  equilibrium  established, 
a  constant  effort  to  establish  it,  which  never  succeeds.  This  con 
'^Itant  effort  to  establish  an  equilibrium  keeps  up  the  current. 

Electricity  a  Mode  of  Motion. — Although,  for  the  sake  of  conve- 
knience,  we  speak  of  electricity  as  a  current  dowing  in  certain  direc- 
jtiocis,  after  the  manner  of  a  river,  yet,  as  we  have  already  said,  we 
irixmld  not  thereby  be  led  into  the  error  of  supposing  that  the  elec- 
l|yicit)r  is  a  it^l  fluid  flowing  through  different  substances,  or  from  one 
sobstaiMie  to  another. 

EUetrieity  is  a  disturdaace,  propagated  in  the  Molecules  of  a  body, 

nd  €t  the  same  time  in  the  Ether  perx}(uiing  tJtat  body,  — The  theory  that 

ISi^  iras  caused  by  the  emission  of  particles  from  the  sun  was  aban- 

I  long  ago ;  and  now  the  theory  that  light  consists  of  undulations 

^ ether  is  considered  to  be  as  impregnable  as  the  theory  of  gravitation. 

t  Similarly  we  may  believe  that  electricity  consists  of  movements  of  a 

dfliereDt  kind  fro^n  those  of  light,  but  which  is  variously  niodified  in  iti 

manifestations  by  the  substances  through  which  it  circulates. 

The  impulse  or  movement  that  consritutes  what  we  call  the  current 
■lay  be  r^aided  as  simply  a  mode  of  motion. 

PUarity  of  Electricity. — Polarity,  or  properties  in  opposite  directions^ 
is  not  peculiar  to  electricity.  Light  and  heat  may  also  be  polarized, 
aiid  chemical  attraction!;  and  repulsions  are  likewise  manifestations  of 
the  polar  qualities  of  atoms.  We  may  gather  a  definite  idea  of  the 
nature  of  electricity  and  the  character  of  the  so-called  "  current "  by  the 
fDOowiog  illustration  :  Let  a  tube  be  filled  with  balls,  all  of  which  are 
attracted  to  each  other.  If  the  first  ball  is  turned  round  on  its  centre, 
it  «iU  turn  in  a  similar  way  the  next  ball,  and  so  on  through  the  whole 
leries..     There  is  here  no  progress  of  a  material  current,  but  simply  a 

If  the  morion  is  rapidly  repeated  through  the  attempt  of  electricity  to 
isid  an  equilibrium,  we  have  what  we  call  an  electrical  cuirent. 

EUetrieity  convertible  into  the  other  Great  Forces. — We  see  in  thir 
•ecdon  on  electro-physics  many  illustrations  of  the  transformation  of 
ooe  force  into  another.     If  we  start  with  heat,  we  find  that  it  pro- 
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dacei  electricity,  and  through  electricity  produces  chemical  action, 
mignctisra,  and  light.  If  we  start  with  magnetism,  we  find  that  it 
produces  electricity,  and  through  electricity  heat,  chemical  action,  and 
UghL  If  we  start  with  chemical  action,  we  find  that  it  produces  heat, 
light,  and  electricity.  If  we  start  with  electricity,  we  find  that  it  pro- 
duces magnetism,  heat,  light,  chemical  action,  and  motion. 

Conversion  of  Electricity  into  Heat.  T7ie  Electric  Light. — By  the 
law  of  the  correlation  of  forces  tlie  electricity  generated  in  a  battery 
may  be  converted  into  heat.  This  heat  may  remain  in  the  battery  or 
be  transferred  to  any  part  of  the  circuit.  In  order  to  convert  the  elec- 
tricity into  heat  it  must  pass  through  some  poor  conductor  that  resists 
its  passage,  and  thus  conipels  it  to  appear  as  heat.  With  ordinary 
thick  copper  wire  there  is  but  little  sensible  heat  in  the  passage  of  a 
■current,  because  copper  wire  is  a  good  conductor ;  but  when  platinum 
wire,  which  is  a  poor  conductor,  is  used,  it  is  raised  under  a  strong 
current  to  white-heat.     This  has  been  utilized  in  galvano-cautery. 

In  the  electric  light  the  heat  is  transferred  to  carbon  points  inter]oosed 
in  the  circuit.  Particles  of  carbon  become  incandescent,  and  are  volatil- 
ized and  transported  from  the  positive  to  the  negative  pole.  A  metal 
or  other  substance  may  give  an  electric  light,  but  carbon,  on  account  of 
its  friability,  gives  a  better  and  stronger  light  than  any  other  substance. 
The  electric  light  was  invented  by  Sir  Humphry  Davy  in  1813. 

Compound  Galvanic  Circles. — The  compound  galvanic  circle,  or  gal 


Fig.  «a. 

yaktic  battery,  i.s  composed  of  two  or  more  simple  galvanic  circles.  TI1C7 
arc  so  connected  together  that  the  copper  of  one  battery  is  joined  to 
the  rinc  of  the  next,  and  so  on  throughout  the  series.  By  combining 
together  a  number  of  cups,  such  as  are  represented  in  Fig.  12,  we  form 
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I  excellent  compound  circuiL  Each  cup  contains  a  zinc  and  a  coppex 
plat«,  which  are  connected  together  as  described  above.  By  examining 
this  arrangement,  it  will  be  seen  that  one  extreme  of  the  series  is  coi>- 
per  and  the  other  zinc.  If  these  two  extremes  or  poles  are  connected 
by  a  copper  wire,  the  current  will  flow  in  the  direction  of  the  arrows, 
both  through  the  series  and  over  the  wires. 

Derived^  or  Partial^  or  Branch  Currents. — When  a  current  in  its 
passage  through  any  conductor  meets  with  different  qualities  of  resist- 
ance, it  subdivides  into  various  branch  currents.  In  Fig.  15  the  cur- 
rent goes  from  the  elements  through  the  wire  r,  g^  p^  nym\  but  if  a 
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KCOod  wire,  n,  j:,  g  be  interposed,  the  current  will  divide  at  ^,  «, 
put  gouxg  by  way  of  g  and  part  around  through  jr,  n.  The  divided 
cvTcats  which  go  through  the  wires  are  called  derived  or  partial  cur- 
lents.  li^  instead  of  one  or  two  wirqs,  a  large  number  were  interposed, 
the  current  would  subdivide  itself  as  many  times  as  there  were  wires, 
part  going  through  each  t^-ire. 

In  thus  dividing  into  derived  or  partial  currents,  two  laws  are 
obeyed : 

ist.  TTie  sum  of  the  strength  of  tht  divided  current  is  equal  to  tht 
strength  of  the  principal  current.  If  (in  the  figure)  the  strength  of  the 
corrent  g^  /,  n  is  40,  and  ^,  jc,  n  is  60,  then  the  strength  of  the  prin- 
cipa]  current  in  r,  g^  before  division,  is  100. 

ad.  The  strength  of  the  currents  in  the  divided  parts  is  inversely 
mt  the  resistance  in  those  parts.  This  law  supplements  the  first.  Rc- 
litftnrr  ts  directly  as  the  length  and  inversely  as  the  diameter. 

If  the  derived  wires  axe  of  the  same  length  and  diameter  as  the  prin- 
dpd  wire,  then  the  current  will  divide  into  equal  parts  between  them. 
If  Ihc  derived  wires  are  of  the  same  length  as  the  principal  wire,  but 
of  unequal  diameters,  the  current  will  divide  unequally,  according  to 
die  duuneter  of  eadi  wire.  The  law  may  be  illustrated  by  thinking  of 
Ibe  course  tliat  rivers  pursue  when  they  are  subdivided  or  split  up  into 
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d«lUs,     The  quantity  of  water  that  flows  through  all  the  subdivisioci 
or  deltas  would  be  equal  to  the  quantity  that  flowed  through  the  main 
«treani  before  the  divisions  took  place.     If  the  subdivisions  are  of  dif- 
ferent sizes,   the  deepest  and  widest  will  convey 
the  noost  water. 

When  electricity  passes  through  the  human 
body  it  encounters  tissues  that  differ  considerably 
in  their  conductivity,  and  hence  it  subdivides  into 
an  infinite  number  of  derived  or  partial  currents, 
the  strength  of  which  varies  with  the  nature  and 
lengUi  of  tiie  tissues.  This  point  will  be  further 
illustnited  in  electro-physiology  and  electro-thera- 
peutics. 

Dacripti^H  ttj  G^vmiU  BatttrUs. — Under  this 
head  may  properly  be  included,  first,  a  description 
of  cbe  cwfltoM-  piU^  which  was  constructed  by  Volta 
in  1799,  and  became  known  in  England  in  1800. 
The  apparatus  consists  of  a  nund)er  of  disks  piled 
one  above  the  other.  Tlie  aixai^ment  is  in  the 
foUoving  order:  A  disk  of  copper  is  placed  on  a 
frame  of  wood ;  a  disk  of  doth,  moistened  by 
acidubted  water,  ts  then  placed  on  the  copper, 
and  then  a  disk  oC  one  on  like  clodi  completes 
what  tt  calkd  the  voltaic  couple.  A  series  of 
tttch  couples  coostitmes  a  voltaic  pile — the  terw 
miMl  oopper  bcnf  iIk  pgarfve  and  the  terminal 
aiw  ih(e  ncfl^ave  poku 

loconslaM  and  iiwretiablr,  easily  oonodes,  has 
Md  ia  mom  \mk  Nnic  oed.  Tarions  modifiralioiis 
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wacnU  keeps  the  surface  of  the  platinum  or  carbon  free  from  hydrogen, 
■and  ihtts  prevents  the  weakening  of  the  current. 

Dr.  Byrne,  in  his  galvano-cautery  battery  (to  be  described  in  the  sec- 
tion on  Electro-surgery),  has  availed  himself  of  this  depolarizing  power 
of  mechanical  agitation,  and  has  thus  succeeded  in  obtaining  a  great  and 
erniuring  quantity  of  electricity  from  a  comparatively  small  surface. 

On  the  same  principle  we  explain  the  fact  that  lifting  the  metals  out 
of  the  liquid  for  a  moment  or  two  at  once  increases  (he  strength  of  the 
current-  While  in  action,  the  hydrogen  accumulates  on  the  platinum ; 
by  removing  the  metals  from  the  liquid  an  instant,  the  hydrogen  escapes 
and  the  battery  is  as  good  as  ever. 

ad.  By  the  use  of  /w(f  liquids.  The  cells  of  Gro\e,  Daniells,  and 
Bansen,  to  be  hereafter  explained,  are  constructed  so  as  to  avoid  polari- 
xatioD  of  the  metals. 

Polaritdiion  of  Electrodis  and  Currents  of  Folarizaiion. — The  elec- 
trodes that  convey  the  current  through  acidulated  water  also  become 
polarized. 

Oxygen  covers  the  positive  and  hydrogen  the  negative  electrode. 
Hydrogen  being  electropositive,  and  oxygen  electro-negative,  these 
two  gases  act  like  two  metals,  and  if  the  current  of  the  battery  be  bro- 
ken and  the  two  films  of  oxj'gen  and  hydrogen  are  connected  metalli- 
cally, an  electric  current  is  obtained,  just  as  a  current  is  obtained 
between  zinc  and  platinum.  In  the  liquid  the  current  flows  from  the 
6ku  of  hydrogen  to  the  film  of  oxygen.  Two  electrodes  covered  in 
this  way  with  films  of  gas  are  called  polarized,  and  the  currents  gene- 
nted  by  these  are  called  the  currents  of  polarisation.  These  currents 
of  polarization  are  always  in  a  direction  opposite  to  the  main  cuiTcnt, 
and  tead  to  interfere  with  and  weaken  it.  This  polarization  of  the 
dcctrodes  takes  place  more  or  less  in  all  applications  of  the  galvanic 
correot.  One  evidence  of  this  is  tlie  discoloration  of  the  electrodes 
that  are  employed  in  electrization  after  long  use.  To  meet  this  difficulty 
tmpaiarizable  electrodes  have  been  devised.  These  will  be  described 
ooder  Electro  therapeutics. 

Secondary  Piles  and  Gas-Batteries. — If  a  series  of  plates  of  plati- 
oum,  with  moistened  cloths  between  them,  be  connected  with  the  poles 
of  a  battery,  the  gases  (oxygen  and  hydrogen)  resulting  from  the  decom- 
position of  the  water  accumulate  in  films  on  the  platinum.  If  now  the 
\  be  separated  from  the  battery,  it  will  itself^  through  the  action 
between  these  films  of  gases,  generate  a  current.  A  pQe  thus  formed 
b  called  a  secondary  pile.  It  was  discovered  by  Ritter.  Tlie  gas> 
•otterr  of  Grove  is  constructed  on  the  5ame  principle.     The  gases  ar< 
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collected  in  glass  tubes,  oxygen  in  one  and  hydrogen  in  the  other,  aud 
in  each  tube  is  fastened  a  platinum  electrode.  The  tubes  arc  inverted 
over  sulphuric  acid.  When  the  electrodes  are  connected  with  a  gal- 
vanotneter  a  current  is  indicated,  the  direction  of  which  is  firom  oxygen 
to  hydrogen. 
There  are  two  general  varieties  of  batteries,  double  and  single  cell. 
Double-cell  Comtant  Batteries. — The  current  produced  by  element* 
with  a  single  liquid  becomes  rapidly  enfeebled,  because  of  the  polariza- 
tion. This  polarization  is  prevented  in  the  double-cell  batteriei 
of  Daniell,  Grove,  and  Bunsen,  by  placing  the  electro-negative  ele- 
ment in  a  liquid  that  is  acted  upon  chemically 
by  the  deposited  hydrogen.  Currents  from 
these  two  cell  batteries  are  called  constant^ 
because  they  do  not  weaken  ao  rapidly  as 
currents  from  single-cell  batteries,  and  the 
metals  can  be  allowed  to  stand  all  the  time 
in  the  solution. 

The  term  constant  is  now  applied  to  the 
galvanic  current,  however  generated,  as 
distinguished  from  the  induced  or  faradic 
current. 

Danielts  Battery. — Fig.  15  represents  a 
smgle  cell.     V  is  a  glass  or  porcelain  vessel 
iTjc  jj.  nearly  filled  with   a   saturated   solution    of 

sulphate  of  copper.  C  is  a  cylinder  of  cojv 
per,  open  at  both  ends  and  perforated  by  a  number  of  holes,  G, 
which  is  also  perforated  by  holes,  is  an  annular  shelf  at  tlie  upper  por- 
tion of  the  zinc  cylinder,  upon  which  crystals  of  sulphate  of  copper  may 
be  placed  to  supply  the  waste  in  the  cell  caused  by  the  electrical  action. 
P  is  a  thin  poroua  vessel  of  unglazed  earthenware,  containing  tlie 
amalgamated  cylinder  of  zinc  Z,  and  a  solution  either  of  common  salt 
or  dilute  sulphuric  acid.  The  elements  are  connected  in  series  by 
strips  of  copper,  /  and  «,  which  are  fixed  to  the  copper  and  zinc  by 
means  of  binding-screws.  When  the  circuit  in  the  battery  just  dc- 
Kfibed  is  closed,  an  atom  of  zinc  replaces  and  liberates  firom  the  nitric 
icid  two  atoms  of  hydrogen,  thus  producing  sulphate  of  zinc  The 
liberated  hydrogen  replaces  one  atom  of  copper  in  the  sulphate  of 
copper,  which  by  electrolytic  action  is  deposited  on  the  copper  elenient» 
or  sometimes  on  the  porous  cup.  Polarization  is  the  resistance  to  tlie 
passage  of  the  current  produced  by  a  deposit  (such  as  hydrogen)  or 
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dtber  of  die  elements.     No  such  deposit  occurs  in  this  battery,  hence 
tbe  current  is  constant 

Order  of  the  parts  in  Daniell's  sulphate  of  copper  battery:  ist,  zinc; 
ad,  sulphuric  acid ;  3d}  porous  cup ;  4th,  sulphate  of  copper ;  5th» 
copper. 

♦     Zn  +  H,  SO,  +  Cu  SO,  =  Zn  SO,  +  H,  SO,  +  Cu 

The  current  obtained  from  this  battery  will  flow  with  undiminished 
Strength  for  hours,  and,  in  fact,  is  superior  to  all  its  f^ows  in  con- 
ftancy.  Daniell's  battery  was  invented  in  1836.  The  modifications 
of  Dajiieil's  battery  are  quite  numerous ;  among  them  we  may  men- 
don  those  of  Hill,  Siemens- Halske,  and  Muirhead. 

Gr&if^s  Battery. — This  battery  differs  from  Daniell's  mainly  in  the 
ttibstitution  of  a  nitric-acid  for  a  sulphate-of-copper  solution,  and  pla- 
tinoro  for  copper,  by  which  increased  electro-motive  force  is  obtained. 
In  Fig.  16,  A  represents  a  glass  vessel  containing  dilute  sulphuric  acid» 
Z  a  cylinder  of  zinc  open  at  both  ends,  and  V  a  porous  pipe-clay  vessel 
partially  filled  with  nitric  acid,  P  is  a  plate  of  platinum,  with  a  cover, 
C,  which  rests  on  the  porous  vessel  when  the  platinum  is  immersed  in 
the  nitric-acid  solution  ;  b  and  a  are  binding-screws,  which  connect  re- 
spectively with  the  platinum  and  zinc. 

In  this  arrangement  a  double  reaction  occurs  between  the  zinc,  sul- 
pbtiric  acid  and  nitric  acid,  giving  as  a  result,  sulphate  of  zinc,  water  and 
nitrogen  dioxide,  which  is  disengaged,  and  by  contact  with  the  air  be- 
comes nitrogen  tctroxide.  The  reaction  in  Grove's  nitric-acid  battery 
if  as  follows :  ist,  zinc;  2d,  sulphuric  acid  j  3d,  porous  cup ;  4th,  nitric 
acid ;  5th,  platinum. 

Zn.  +  (HJSOJ,  +  (HNO^.  =  (Zn  SO,),  +  N.O.  +  (H,  O), 


iIk»  N,  O,  +  O,  =  N,  O,  by  contact  with  the  atmosphere.  Force 
JUSt  be  lost  by  the  evolution  of  these  nitrous  fumes.  Prof.  Wolcott 
Gibiw,  of  Cambridge,  has  discovered  that  a  small  quantity  of  bichromate 
af  potash  in  the  nitric-acid  cup  of  Grove's  battery  acts  as  a  deodorizer 
by  taiODg  up  the  disagreeable  nitrous  acid  fumes.  Thus  one  of  the 
OBoet  serious  objections  to  the  use  of  this  battery  is  removed. 
Gfore'a  battery  was  invented  in  1839,  It  is  very  powerful,  and  is 
3 
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<om]>oaTid  battery,  by  means  of  the  clamp  w  w,  and  a  rod  connecting 

the  carbon  of  one  cell  with  the  rinc  of  the  following, 
Bunsen*s  BuJtromaie  Battery, — In  this  battery  a  solution  of  bichrO' 

wtate  0f  potash— ovi&  part  to  twelve  parts  of  water — is  placed  in  the 

poroascup. 
The  order  of  the  parts  in  Bunsen's  Bichromate  Battery  is  as  follows : 
tst,  line ;  ad,  sulphuric  acid ;  3d,  porous  cup ;  4th,  sulph.  acid  and 

bicfaroouate  of  potash  ;  5Ch,  carbon. 

Reeuiicn. 

Zn,  4-  (H.  SOJ,  4-  K,  Cr.  O,  +  (H,  SOJ, 

=  (Zn  SO,),  +  K,  Cr.  (SOJ,  -f  (H,  O), 

Chrctne-aJum,  sulphate  of  sine ^  and  water ^  are  the  products.  The  office 
of  the  porous  cup  is  to  keep  the  bichromate  of  potash  from  the  surface 
of  the  zinc,  and  thus  more  uniformity  and  constancy  of  action  is  attained. 

While  the  action  of  Bunsen's  battery  is  the  most  energetic  of  all  the 
constant  batteries,  and  while  the  first  cost  is  less  than  Grove's,  it  is  yet 
more  expensive  to  work  and  more  inconvenient  to  manipulate.  Bun- 
sen's battery  was  invented  in  1843. 

Walker's  Single-cell  Zine-earbon  Battery. — In  this  battery  carbon 
b  substituted  for  the  platinum  of  the  Smee  battery,  and  the  solution 
csed  is  composed  of  bichromate  of  potash,  sulphuric  acid,  and  water, 
the  same  as  in  Bunsen's  battery.  The  carbon  is  usually  the  pressed 
ind  baked  graphite  of  the  gas-works.  There  is  considerable  diflfer- 
«BCe  in  the  quality  of  the  carbon  as  sold  in  the  market ;  the  more 
thoroughly  it  is  pressed  and  baked,  the  better  it  will  be.  Carbons  that 
are  poorly  prepared,  or  that  contain  impurities,  easily  become  soaked 
with  tluid  and  the  salts  of  the  solutions,  and  also  generate  local  currents 
^t  ioterfere  with  the  main  current  Sometimes  the  carbons  arc 
phlmised,  that  is,  covered  with  finely-divided  platinum,  as  is  the  silver 
b  the  Smee  battery.  The  proportion  of  the  solution  used  in  Walker's 
battery  is  as  follows  : 

Sulphuric  add, 

Bichromate  of  potash,  i& .,..,       ^L 

Water ^rij. 

The  reaction  is  the  same  as  in  Bunsen's  Bichromate  Batter}«  just  de> 
tcnbed. 

To  pre})are  this  mixture,  add  the  sulphuric  acid  to  the  water,  and 
Wfken  this  is  rW,  add  the  bichromate  of  potash  well  pulverized.  Do 
fXK  immerftc  the  elements  in  the  fluid  until  it  is  perfectly  cool^  for  when 
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rofdKlMtflBy.^ 
i  of  poctn  above  pvcs 


le  soIHho  b  csBCflanreij  ftroog^ 
of  poCaA  aad  lolffciiii  acid  is  too 
fftHtf  Wf  tVD  or  liirre  tancs  vim  is  heve  ^vca,  the  battoy  win  wear 
•vif  ircfj  lafKfif  anl  a  greeaab^^fack  dqpost  wil  be  liDaiid  in  the 
bMSOni  «C  tfw  cdk  TUi  dcfxwi  vbicb  •omctimcf  lonns  rexy  hud, 
Md  ii  dilBadtto  reoKnre  viOont  brcakiDgAe  ^assa^  it  dtecfarome- 
ilMiy  wmA  k  ft  reiBlt  of  due  decoutpoMDoa  of  the  salts  and  adds  tbat 
lakes  |4ace  vbile  fbe  batteiy  is  in  action.  Uoe  the  Smee  battery^  the 
fiaC'^arboB  battery  wiO  need  to  be  occasioaaDy  amalgamated,  but»  on- 
fiice  the  flcaee  battery,  it  does  not  require  any  mercnry  in  each  cell,  and 
fbt  presence  of  mcTcoTy  will  give  rise  to  local  action.  We  speak  thus 
ptfttcalarly  of  the  itmple  zino<:arb<m  battery*  because  it  is  one  very 
widely  tiled  in  electro-therapetitics,  and  it  is  important  that  its  maoage- 
BMJlt  should  be  we] I  understood.  The  galvanic  batteries  of  Stohrer,  of 
Iha  GalvaoOifaradic  Manufacturing  Company,  and  of  Kidder,  are  mostly 
of  single-cell  zinc-carbon  elements.  The  zinc-carbon  battery,  like 
itoce*^  to  be  hereafter  described,  is  not  constant  If  the  mcrals  are  kept 
long  immertcd  in  the  solution,  the  power  rapidly  goes  down.  It  is 
necessary,  therefore,  to  keep  the  metals  out  of  the  solution^  except  when 
the  battery  is  in  use.  In  this  respect  the  battery  differs  very  much  from 
the  batteries  of  Grove,  Bmnscn,  and  Lechanch6,  where  the  metals  are 
never  rcmovrd  from  the  solution  except  to  be  cleaned  and  repaired. 

Sme/s  Hatter y. — This  battery,  invented  in  1840,  is  very  economical, 
convenient,  and  easy  to  manage,  and  on  that  account  has  been  con- 
siderably etjiployed  in  electromagnetic  apparatus.  It  consists  of  a 
plate  of  cornigiiitMl  platinum,  or  silver  covered  with  finely-divided  plati- 
num, between  tlic  two  plates  of  zinc,  in  a  solution  of  sulphuric  acid  and 
woter  (one  part  to  ten  or  twelve). 

The  order  of  the  parts  in  Smee's  Sulphuric  Acid  Battery  is  as  follows : 

tit,  zinc ;  ad,  sulphuric  acid ;  3d,  platinum. 

Reaction, 
Zn  -I-  H.  SO,  ^  Zn  SO,  +  H, 

*  \\  It  «r«U  kttown  thst  when  sulphuric  acid  and  water  are  mixed,  the  solution  be- 
.om«  very  hot.  The  cxphnation  of  this  is,  tliat  xu  mixing,  the  atoms  of  the  water  are 
Sttractad  to  (he  atotiis  of  the  sulphuric  acid  ;  in  other  words,  wcrk  is  done.  The  vol* 
IMM*  I*  iliinlnifthed  8  p«r  cent.,  sud  the  heat  that  appears  is  a  result  of  the  work  thaa 
p<>rf(inned. 
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The  chemical  action  of  this  battery  is  more  rapid  than  that  of  the  sul 
ihale  of  copper  battery,  because  platinum  is  more  positive  than  copper, 
vhose  place  it  occupies  in  the  sulphate  of  copper  battery.  The  dis- 
engagement of  the  hydrogen  is  effected  by  mechanical  means,  but  there 
TDost  be  a  large  loss  of  force  in  changing  hydrogen  to  a  gaseous  state, 
precisely  as  force  is  lost  in  changing  water  to  steam. 

The  object  of  corrugating  die  platinum  plate,  or  making  it  into  folds 
or  furrows,  is  to  give  greater  surface.  The  object  in  covering  it  with 
tinely-dirided  platinum  is  to  roughen  the  surface  so  that  the  hydrogen 
will  not  adhere.  It  is  customary  in  using  the  battery  to  keep  about 
half  a  tablespoonful  of  mercury  in  the  bottom  of  the  cup,  in  order  that 
the  zincs  may  be  all  the  time  well  amalgamated.  Care  should  be  takeOt 
in  the  preparation  of  this  battery,  to  prevent 
Ifae  mercury  from  collecting  on  the  platinum 
plate.  If  by  any  carelessness  it  does  get 
OQ  the  platinum  plate,  it  will  turn  it  to  the 
color  of  mercury,  and  will  weaken  or  destroy 
ihe  force  of  the  battery.  In  this  battery 
more  or  less  action  goes  on  even  when  the 
connections  are  not  made  ;  tliis  is  evidenced 
by  the  formation  of  sulphate  of  zinc  at  the  top 
of  the  raetals  after  they  have  been  long  im- 
mersed. It  is  therefore  an  advantage  in  using 
the  battery  to  keep  the  elements  out  of  ihe  so- 
tatian  when  not  needed.  If  kept  constantly 
bmoersed,  like  Daniell's  battery,  it  very  soon 
loses  its  power  and  becomes  thoroughly  incrusted  with  sulphate  of  zinc 
LtclanchFs  Battery. — During  the  past  few  years,  this  battery  hai 
attracted  great  attention  in  Europe,  both  among  telegraphists  and  elec- 
tro-therapeutists. The  great  advantage  that  is  claimed  for  it,  where  it 
ii  not  used  too  long  at  a  time,  is  that  it  is  far  more  constant  than  any 
other  battery  yet  invented.  The  battery  was  devised  by  Leclanchd,  a 
Frenchman,  in  1868,  and  bears  his  name.  A  Leclanch^  cell  consists 
ti,  ist,  a  cylinder  of  zinc  in  a  concentrated  solution  of  chloride  of  am- 
moniam  ;  2d,  a  rod  of  carbon,  packed  with  powdered  carbon  and  na- 
tive peroxide  of  manganese  in  a  porous  cell.  The  whole  is  dosed  with 
a  cover.  The  chemical  changes  that  take  place  in  a  Leclanch^  bat- 
ter are  these  :  Chloride  of  ammonium  is  decomposed,  chlorine  com- 
bining with  the  zinc,  hydrogen  being  absorbed  by  the  oxygen  of  the 
peroxide  of  manganese,  and  ammonia  being  Uberated.  The  ammonia 
i«  absorbed  by  the  water,  but  in   process  of  time  the  water  becomef 
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kfoikms: 


Za  +  (Q  KHJ,  +  (Mn  O,).  =  Zn  CI.  +  H.  O  +  (KH^  »-  Ifa.^ 

Ledaadi^ft  batteiy  wm  first  ananged  for  dectro-fterapcwrin  by 
GwflGK*  ss  imti niucwf '•maker  oi  PUtt.  IK  hat  bees  MoosAod  Df  infMLfi 
Hk  weil-kaowo  Freodi  ekctro^henpeotifl;  bjr  KJeyier  and  rKJiuaili, 
of  Bcftin,  and  a  portable  form  has  been  devised  br  Beetz,  of  MmndL 
Lcdaadi^t  batterjr  baa  ooe  great  adnuMage  and  fooie  duadtaniraerfc 
III  advantage  fies  m  Ha  power  of  endorapce.  If  not  overwodced  il 
«iD  Maud  for  noolha  and  jrean,  and  jet  retuo  soffideat  pover  to  be 
qdte  Qseful  in  electro-therapeutics.  Una  is  not  trae  of  asjr  other 
battery ;  even  Damefff,  the  noct  constant  of  all,  and  mt  varioodf 
modified,  requires  replenishmg  or  rlraning  every  few  months  eke  it 
goes  down  to  nothing. 

Its  dij»axi vantages  are  these : 

isL  It  rapidly /t'Azr/s^x,  and  so  generates  a  secoodiiy  cnreot  that 
weakens  the  main  current  This  polarixatioci  only  tskes  place  when 
the  battery  is  in  action  ;  if,  therefore,  the  battery  is  bat  little  used,  or 
only  occanooany,  this  disadvantage  does  not  appear. 

2±  The  fi'ee  ammonia  that  escapes  after  the  water  becomes  satii* 
rated  is  annoying. 

On  account  of  these  disadvantages,  Leclanch^'s  battery  has  not  been 
as  popnlar  among  telegraphers  as  was  at  one  time  expected  it  would  be. 
Among  Enropean  electro  therapeutists,  however,  it  is  considerably  used. 
It  ts  sometimes  employed  in  electro-magnetic  or  induction  machines. 

Callaffi  Iron-tinc  Battery. — In  this  battery  the  positive  plate  is 
cine  in  dilate  sulphuric  acid;  the  negative  plate  is  iron  in  strong 
nitric  acid.  The  great  practical  difficulty  with  this  battery  is,  that 
nnder  certain  conditions  it  may  suddenly  and  rapidly  evolve  nitroni 
fumes.  This  complaint  has  been  made  even  by  those  who  have  adopted 
this  form  of  battery  in  electro-surgical  practice.  The  common  explana- 
tion that  the  phenomena  displayed  by  this  battery  are  due  to  the  pas- 
sivity of  iron,  is  not  in  accordance  with  the  more  recent  doctrines  of 
physics.  This  fact  is  a  serious  objection  to  the  use  of  these  batteries 
to  electro-therapeulics.  They  have  been  employed,  however,  for  the 
purpose  of  galvano-cauter) . 

Woiiaston's  Zinc^opptr  Battery. — This  form  of  battery,  devised  bj 
Wollaston  in  iSoi,  is  now  pretty  well  displaced  by  modern  improve 
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^  aects.  It  consists  of  a  copper  vessel,  enclosing  a  solution  of  sulphate 
B  of  copper,  a  zinc  plate,  or  a  sheet  of  copper  folded  over  a  piece  of 
zinc,  so  as  to  have  both  faces  of  the  zinc  exposed  to  chemical  action 
and  so  increase  the  quantity  of  electricity.  The  two  objections  to  the 
battery  are,  that  it  is  not  constant,  and  the  metals  must  be  kept  out  of 
the  solution  except  when  in  actual  use,  and  that  the  zinc  become* 
lapidly  corroded  with  a  deposition  that  weakens  the  force  of  the  bat- 
tery. This  deposition  must  be  constantly  cleared  and  scraped  off,  if 
k"'c  would  keep  up  the  strength  of  the  current. 
The  order  of  the  parts  in  the  sulphate  of  copper  battery,  single  cell, 
as  follows :  xst,  zinc ;  ad,  sulphate  of  copper ;  3d,  copper. 


Reaction, 
Zn  +  Cu  SO,  =  Zn  So,  +  Cu 


In  this  battery  any  local  action  on  the  zinc  will  deposit  metallic 
copper  in  the  form  of  a  black  powder  upon  the  zinc,  or  an  oxide  of 
oo]iper,  which  forms  a  covering  on  the  surface  of  the  zinc 

For  this  reason  the  zinc  must  be  amalgamated  or  else  frequently 
cleaned.  Sulphate  of  copper  must  be  frequently  added,  so  that  the 
battery  shall  be  charged  with  a  saturated  solution  of  that  salt ;  but  care 
must  be  taken  that  the  solution  of  sulphate  of  zinc  does  not  approach 
saturation. 

The  necessity  of  frequently  cleaning  and  scraping  the  zinc  in  this 
battery  is  a  most  serious  disadvantage,  and  on  that  account  mainly  it  is 
not  to  be  recommended  to  the  electro-therapeutist. 

Water  Battery. — If  a  large  number  of  cylinders  of  zinc  and  copper 
be  immersed  in  water  in  glass  jars,  and  are  properly  protected  from 
Kght  and  dust»  a  current  of  electricity  will  be  produced  A  battery 
cf  130  pairs  causes  the  gold  leaves  of  the  electroscope  to  diverge,  and 
1,200  pairs  gives  a  strong  shock.  A  battery  of  2,000  or  3,000  pairs  is 
ireiy  powerful.  Batteries  of  this  kind  have  been  constructed  by  Crosse, 
Noad,  and  GassioL 

These  water  batteries  will  keep  their  power  for  years,  provided  watei 
is  supplied  to  them  to  make  up  for  the  loss  from  evaporation.  They 
take  up  a  large  space,  and,  on  account  of  the  great  resistance  of  the 
water,  give  but  a  small  quantity  of  electricity.  For  these  two  reasons 
they  offer  no  advantage  for  niedical  use. 

Marine  Battery. — A  sea- water  or  marine  battery  has  been  constructed 
bjr  Duchemtfi,  of  France.  A  cylinder  of  carbon  and  zinc,  attached 
10  a  cork,  is  put  into  the  sea,  and  connected  with  the  shore  by  con 
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ducting  wires.  A^  the  ocean  furnishes  the  excitiog  fluid,  it  needs  nc 
replenishii  g.  It  wa»  hoped  that  a  battery  of  this  kind  might  be  of 
Bufficient  strength  to  furnish  an  electric  light  for  light-houses.  Thii 
hope,  so  far  as  we  know,  has  not  been  realized. 

Dry  PiU. — Dry  piles  have,  instead  of  liquids,  some  solid  hygroraetric 
substances,  as  paper  or  leather.  There  are  many  varieties  of  dry 
piles.  Those  of  Zamboni,  which  are  best  known,  arc  composed  of 
tin  or  silver  and  binoxide  of  manganese.  A  piece  of  paper  is  tinned 
or  silvered  on  one  side,  and  the  other  side  is  covered  with  powdered 
binoxide  of  manganese.  These  sheets  are  cut  into  disks,  about  one 
inch  in  diameter,  and  arranged  so  that  the  tin  or  silver  of  each  disk  ii 
in  contact  with  the  manganese  of  the  next  in  the  series.  A  Zamboni 
pile  of  200  couples  is  very  feeble  and  slow  in  its  action,  but  it  can 
charge  a  Leyden  jar,  and  it  is  quite  permanent. 

Instruments  for  Measuring  Electricity. — The  instruments  for  njca- 
suring  electricity  are  quite  numerous,  and  some  of  them  are  very 
delicate.  It  is  necessary  here  to  describe  only  a  sufficient  number  to 
illustrate  the  principles  involved. 

The  Voltameter. — The  voltajneter  is  an  instrument  devised  by  Fara- 
day to  measure  the  strength  of  the  galvanic  current  It  is  a  graduated 
tube  that  receives  and  accurately  measures  the  quantity  of  gas  that  is 
generated  by  the  decomposition  of  water  by  the  current  in  a  given 
time. 

In  Fig.  19  the  platinum  needles  connected  with  the  poles  of  the  bat- 
tery are  inserted  through  the  cork,  at  the  end  of  the  tube.  The  gases 
that  result  from  the  electrolysis  rise  to  the  top,  as  the  tube  is  held  up- 
right, and  repel  the  water  through  a  hole  in  the  cork- 
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This  is  a  very  traslworthy  method  of  measuring  currents  and  of 
comparing  batteries.  If  we  wish  to  ascertain  how  one  battery  cono- 
pares  with  another  in  strength,  or  whether  a  battery  has  weakened  by 
use  or  long  standing,  or  whether  the  strength  is  sufficient  for  a  power 
fill  electrolytic  operation,  the  voltameter  will  give  us  precisely  the  infor- 
mation we  seek. 

Galvanometers.— k  galvanometer  is  an  instrument  for  indicating  the 
presence  and  direction  of  a  current,  and  for  measuring  its  strength. 
There  are  several  varieties  of  galvanometers,  but  all  are  constructed  00 


GALVANOMETERS. 

the  same  general  principle — a  magntt  freely  hung  so  as  to  be  dejtected  by 
the  passage  of  a  current  through  a  coil  of  insulated  wire.  Galvanom 
eters  with  a  long  coil — sometimes  called  *' tension"  galvanometers — 
axe  used  to  measure  circuits  of  large  resistance.  Galvanometers  with  a 
fihort  coil — sometimes  called  *'  quantity  "  galvanometers — are  used  to 
measure  circuits  of  small  resistance.  The  explanation  of  this  difference 
will  appear  in  the  chapter  on  Ohm's  Law. 
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Asiatic  Galvanometer. — ^This  form  of  galvanometer  is  used  either  to 
detect  the  simple  presence  of  a  current,  or  to  measure  the  strength  of  a 
weak  current.  Let  A  and  B,  Fig.  20,  represent  two  needles  of  about 
equal  strength,  having  the  same  axis,  and  having  their  poles  reversed 
in  reference  to  each  other.  The  needles  will  settle  a  very  little  in  the 
meridian,  from  the  fact  that  one  of  them  is  very  slightly  more  highly 
magnetized  than  the  other. 

C  is  an  insulated  wire,  bent  around  the  lower  needle  several  times. 
'V\'hen  a  current  is  passed  through  this  wire,  the  needles  will  be  influ- 
enced to  turn  in  the  same  direction.  In  this  way  the  passage  of  the 
most  feeble  current  may  be  detected.  In  connection  with  a  thermo- 
electric pile,  this  instrument  is  capable  of  indicating  a  change  of  tem- 
perature of  only  a  very  small  fraction  of  a  degree.  Galvanometert 
which  have  a  long  resistance  coil,  and  in  which  a  branch  resistance  coil, 
or  **  shunt,"  as  it  is  called,  is  interposed,  may  be  used  to  measure 
strong  currents  (see  chapter  on  Ohm's  Law),  and  are  therefore  con- 
venient in  comparing  batteries.  A  galvanometer  of  this  kind  that  we 
employ  will  be  described  under  electro-therapeutics. 

Thomson's  Reflecting  Galvanometer. — Sir  William  Thomson  has  done 
much  to  advance  the  science  of  electrology  by  the  construction  of 
his  reflecting  or  mirror  galvanometer,  which  will  indicate  the  presence 
of  very  slight  currents.  This  instrument  consists  of  the  coJs  of  a  gal* 
vanometer,  between  which  are  suspended,  by  a  single  silk  fibre,  a 
mirror  and  magnet,  which,  when  it  moves  under  tlie  influence  of  a  cur- 
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reiU,  is  reflected  through  a  lens  on  a  graduated  scalt  placed  at  a  Utile 
distance  in  front  of  it.  A  lamp  is  placed  behind  the  screen,  which 
contains  a  slit,  through  which  the  light  passes  to  the  mirror,  from 
which  it  is  reflected  back  on  the  graduated  scale.  When  the  magnet 
is  deflected  by  the  passage  of  a  current  through  the  coil,  the  image 
moves  to  the  right  or  left  along  the  scale,  the  angle  made  by  the  re- 
flected image  being  twice  the  angle  through  which  the  mirror  and 
magnet  are  deflected.  A  very  small  defection  of  the  magnet  p-o- 
duces  a  very  great  displacement  of  the  reflected  image  on  the  screen,  and 
thus  a  very  slight  current  can  be  detected. 

This  instrument,  as  that  of  Wiedinann,  of  Germany,  is  much  used 
in  delicate  electro-physiological  researches. 

Rheostates:  Instruments  for  Measuring  Resistance. — The  rheostat, 
an  instrument  invented  by  WTieatstone,  was  originally  designed  to 
ascertain  the  relative  amount  of  resistance  of  diflferent  conductors.  In 
electro- therapeutics  it  is  employed  to  interpose  resistances  in  the  circuit, 
etc.,  so  as  to  delicately  modify  the  strength  of  the  current  within  small 
fractions  of  tlie  strength  of  an  element, 

In  electro-physiological  investigations,  as  also  in  certain  branches  of 
electro-therapeutics — particularly  in  applications  to  the  ear — rheostates 
have  been  used.  The  form  employed  by  Brenner  and  others,  and  also- 
the  water-rheostat,  will  be  described  in  electrotherapeutics. 

Early  History  of  Galvanism. — In  the  year  1786,  while  Galvani,  Pro- 
fessor at  Bologna,  was  experimenting  with  an  old-fashioned  electrical 
machine  that  lay  near  a  dish  of  frogs  that  had  been  prepared,  it  is 
stated,  for  his  sick  wife,  he  noticed  that  the  frogs  jumped  whenever  a 
spark  was  drawn  from  the  conductor  of  the  machine.  On  observing 
this,  it  occurred  to  him  that  perhaps  he  had  found  a  means  of  detect* 
ing  atmospheric  electricity  more  delicate  than  he  had  previously  em- 
ployed.  In  order  to  test  this,  Galvani  took  the  dish  of  frogs,  and,  with 
his  neighbor  Caraillo,  went  out  on  the  terrace  of  his  house.*  It  was 
a  clear  evening  in  the  early  part  of  September,  and  no  marked  elec- 
tric phenomena  were  apparent  in  the  air.  Fixing  an  iron  hook  in  the 
spine  of  each  frog,  he  suspended  it  from  the  iron  railing. 

Behold  spontaneous  movements  appeared  in  the  frogs^  various  in 
their  character  and  quite  frequent ! 

That  moment  was  the  birth  of  the  science  of  Galvanism.  At  once 
Ihere  flashed  on  ihe  mind  of  Galvani  the  query,  \MuU  causes  these  coiu 


*  At  No.  96,  in  Strado  S.  Felice,  Bo1og<9a,  the  house  where  Gdvuii  lived,  witk 
terrace  and  railmjfi,  U  still  &hown  to  travellers. 
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'  JrmtHons  i  There  vere  no  electric  disturbances  in  the  air  ;  the  electric 
nadiine  was  far  away  in«ide  the  house.  Could  there  be  electricity  in  the 
frogs  ihenasclves  ?  In  the  history  of  science  it  often  happens  that  a 
dieoiy  partly  false  guides  us  into  facts  that  are  wholly  true.  Thus  it 
happened  to  Galvani. 

From  that  moment  until  he  died,  he  lived  in  an  atmosphere  of  ex- 
periment Frogs  without  number  were  slaughtered,  and  all  for  the 
purpose  of  proving  to  himself  and  others  that  it  was  animal  dectricit^ 
that  caused  these  contractions. 

Galvaoi's  researches,  as  soon  as  they  were  made  public,  in  i79X»  9a^ 


Fic  at. 


cited  great  interest  among  scientific  men,  and  inspired  him  to  make 
another  attempt  to  master  the  mysteries  of  electricity.  At  the  time 
when  Galvani  made  his  discovery,  the  interest  excited  by  the  discovery 
of  the  Leyden  jar  and  Franklin's  kite,  about  forty  years  previously, 
had  died  out  Philosophers  had  followed  the  vein  thus  opened,  about 
as  far  as  it  seemed  to  lead.  They  supposed  that  the  battles  of  eleo 
tricity  were  all  fought  out,  and  so  they  were  laying  aside  ^eir  armor. 
On  the  announcement  of  Galvani's  discovery,  his  experiments  were  re« 
peated  all  over  Europe,  and  the  theory  that  the  contractions  of  the  mus- 
cles of  the  frog  were  due  to  animal  electricity  was  universally  adopted. 
VoUtis  Researches  :  The  Theory  of  Contact  and  Chemical  Action. — 
Among  those  who  were  stimulated  by  the  discovery  of  Galvani,  wa« 
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Volu,  Professor  of  Physics  in  Pavia,  Italy,  who  had  already  been  long 
disdnguishcd  as  an  electrical  experimenter,  and  who,  in  the  knowledge 
of  this  special  branch,  was  far  superior  to  Galvani. 

At  first  Volta  accepted  Galvani's  theory  of  animal  electricity^  but 
•ubscquent  research  caused  him  to  doubt  its  truth.  He  observed  that 
it  was  only  by  means  of  heterageneous  metals  that  muscular  conlractioni 
could  invariably  be  produced,  and  hence  he  denied  the  existence  of 
Animal  electricity,  explaining  tha  phenomenon  of  muscular  contractions 
through  the  influence  of  the  artificial  electricity  excited  by  a  heteroge- 
Dcous  metallic  combinaHon.* 

Galvani  then  not  onl>  demonstrated  that  contractions  could  readily 
be  caused  by  exactly  homogeneous  metals,  but  that  the  phenomenon 
was  produced  by  the  simple  contact  of  nerve  and  muscle.  His  manner 
of  experimenting  was  as  follows :  The  leg  of  a  frog,  denuded  of  its  skin, 
had  its  sciatic  nerves  cut  at  their  exit  from  the  vertebral  column.  The 
nerves  thus  denuded  were  taken  gently  up  by  some  non-conductor  and 
made  to  touch  one  of  the  muscles,  when  the  leg  would  immediately 
become  convulsed.  Volta  endeavored  to  prove  that  the  concussion 
caused  by  the  contact  of  nerve  and  muscle  was  the  cause  of  the  electric 
current  thus  produced  ;  but  Galvani  conckisively  demonstrated  that  such 
could  not  be  the  case,  by  placing  a  non  conductor  between  fhe  two  tis- 
•ucji,  when  no  action  could  be  excited  in  the  leg.  He  went  further, 
ftnd  at  last  succeeded  in  producing  muscular  contractions  when  only  the  ^J 
nerves  of  non-prepared  legs  were  brought  in  contact.  ^| 

The  discovery  of  the  Voltaic  pile,  which  excited  great  interest  in 
men  of  science,  seemed  to  decide  the  battle  for  Volta,  and  all  the 
efforts  of  Galvani  to  convince  philosophers  of  the  existence  of  animal 
electricity  were  in  vain.  Galvani's  first  observations  on  frogs  dates  back 
as  far  is  1780.     He  first  published  his  researclies  in  1 79  r» 

Volta  did  not  undertake  the  investigation  of  the  subject  until  1792, 
the  year  following  the  publication  of  the  researches  of  Galvani,  And 
yet  Volta  has  almost  equal  claim  to  be  the  founder  of  the  science  of 
galvanism  ;  for  while  Galvani  discovered  the  new  manifestation  of  | 
electricity,  he  failed  to  comprehend  its  true  value,  while  Volta,  by  the 
discovery  of  the  pile  which  bears  his  name,  demonstrated  what  Galvani 
would  never  believe,  but  which  Prof.  Fabroni,  of  Florence,  had  in  1 79a 
suggested,  that  cherucal  action  was  the  source  of  the  electricity  in  Gal- 
vani's experiments.  I 


« 


*  The  theory  that  the  experiment  of  Galiram  could  be  explained  by  cbemical  actioa 
«r»t  first  suggested  by  Prot  Fabroni,  of  Florence^  in  1792. 
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KLECTROLYSIS   (bLECTRO-CHBKISTKY). 


Electrolysis,  derived  from  jjXtKTpov  and  Xuaj,  through  Xviric,  disen 
gaging,  is  tfu  act  or  process  of  decomposing  a  compound  substance  by 
electricity. 

Electrochemical  decomposition  takes  place  at  both  poles,  but  with 
different  products  and  manifestations,  according  to  the  strength  of  the 
correot,  the  nature  of  the  substances  acted  upon,  and  the  material  of 
which  the  electrodes  arc  composed. 

History  of  Electrolysis. — The  chemical  eflfects  of  statical  electricity 
were  first  investigated  by  Drs.  Priestley  and  Cavendish,  in  1784-  The 
decomposition  of  water  by  passing  through  it  a  succession  of  discharges 
of  statical  electricity  was  first  discovered,  in  1789,  by  Messrs.  Dieman, 
Paetz,  Van  Troostwjck,  and  Cuthbertson.  The  power  of  the  galvanic 
current  to  decompose  water  was  discovered  and  first  described  by 
Messrs.  Nicholson  and  Carlisle,  in  1800.  They  experimented  with  the 
voluic  pile,  which  had  then  just  been  discovered.  These  experiments 
ers  also  decomposed  other  substances  by  the  galvanic  current.  On 
Nov.  20,  1806,  Sir  Humphry  Davy  presented  to  the  Royal  Society  a 
lecture  **  On  some  Chemical  Agencies  of  Electricity,"  and  in  the  fol- 
lowing year  he  announced  his  discovery  of  the  decomposition  of  the 
fixed  alkalies.  Between  1831  and  1840  Faraday  published  his  ^'^Ex- 
perimental Researches  in  Electricity^*  in  one  of  the  most  remarkable 
series  of  scientific  essays  that  ever  proceeded  from  the  pen  of  man. 

Terminology  of  Electrolysis. — With  the  aid  of  two  friends,  Faraday 
prepared  the  following  terminology  of  electrolysis,  which  is  now  gener- 
ally adopted.  The  poles  where  the  electricity  passes  in  and  out  of  the 
body  that  is  undergoing  decomposition  are  called  electrodes  (ijXcicrpov, 
and  iSos,  way).  The  stuface  where  the  current  enters  the  decompoir 
ing  body  is  called  the  anode  (oko,  upward,  and  o&>«,  way) ;  the  surface 
where  the  current  leaves  the  decomposing  body  is  called  the  cathode 
(aoto,  downward,  and  6d(k,  way).  The  anode  is  in  contact  with  the 
poiitit'e  pole  and  the  cathode  w'th  the  negative. 
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Practically,  anode  is  used  as  synonymous  with  positive  pole,  and 
cathode  with  negative,  although,  strictly  speaking,  anode  and  cathode 
refer  to  the  points  of  the  decomposing  bcdy^  and  positive  and  negative 
to  ti\Q  poUs  of  the  battery  that  are  in  contact  with  these. 

Compound  substances  that  are  directly  decomposable  by  die  current 
are  called  electrolytes  (^Ac»<Tpov,  and  Xwu,  decompose).  To  eUctrolytt 
a  body  is  to  chemically  decompose  it  by  the  current.  The  act  of  pro- 
ducing electrolysis  is  called  electrolyzaiion. 

The  elements  of  an  electrolyte  are  termed  ionsy  {t\Miv,  participle  of 
the  verb  e/fti,  to  go).  Those  ions  that  appear  at  the  anode  are  termed 
anions,  those  which  appear  at  the  cathode  are  termed  cations.  Fop 
merly  anions  were  termed  electro-negative,  and  cations  the  electro-posi- 
livc  elements  of  the  compound.  Water,  for  example,  is  an  electrolyte 
that  evolves  two  ions — oxygen  and  hydrogen  ;  oxygen  goes  to  the 
anode  and  is  the  anion ;  hydrogen  goes  to  the  cathode  and  is  the 
cation. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor  ;  but 
in  the  readiness  with  which  they  are  decomposed  substances  widely 
vary.  Every  electrolyte  must  contain  more  or  less  of  water.  Pure 
water,  thongli  an  electrolyte,  is  yet  decomposed  only  with  great  diffi- 
culty ;  but  by  adding  to  it  a  little  sulphuric  acid,  or  certain  salts,  it  very 
canity  undergoes  electrolysis.  It  is  furthermore  believed  that  no  fluid 
can  be  a  conductor  without  also  being  an  electrolyte;  that  is,  more  or 
lcit»  elcclro-cJicmical  decomposition  must  take  place  when  the  galvanic 
current  pa.i»es  through  any  fluid.  Substances  that  are  found  to  be  ready 
<tlectn»lylc»  are  chloride  of  sodium,  muriatic  acid,  and  iodide  of  potas- 
sium. 

Jdkw*  of  Electrolysis, — Although    electrolysis,  like  all    other    phc- 
aonumi  connected  with  atomic  changes,  is  but  imperfectly  understood, 
yel  toniv  of  the  general  laws  of  its  operation  have  been  already  well 
.'..  >\. 

(lie  more  important  of  these  laws  the  following  may  be  enu- 
ni«rA(o<l  : 

'•  ''■',!:   //r,  fro-chemical  Action,— It  has  been  foimd  that  when 

t  till,  .are  simultaneously  decomposed  by  the  current,  the 

III*  ibjit  are  evolved  are  definite  in  quantity  and  are  electro- 

■'  -'i|uivii)ent»of  each  other.     This  law,  which  was  discovered  by 

!•  Hiiv  bu  thus  illustrated.     Let  the  current  be  sent  successively 

of  cells  filled  with  oxide  of  lead,  chloride  of  lead,  and 

.!  ..  r.     The  different  substances  would  combine  in  the  fol 
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A I  the  Positive  Pole, 

Water 8  grs.  ox)gen. 

Owdcoflead 8        *' 

Chloride  of  lead ...     35.  s  grs,  chlorine. 

Iodide  of  lead 127  grs.  iodine. 

Chloride  of  silver. ,     35.5  grs.  chlorine. 


At  the  Negative  Pole. 
I  gr.  hydrogen. 
113.5  grs.  lead 

1035  " 
103.  s  •• 
108  grs.  silver. 


:  numbers,  it  will  be  seen,  represent  the  combining  proportions 
cf  'hcse  substances. 
Substances  combine  in  equivalent  proportions  ;  they  are  decomposed 

same  equivalent  proportions. 
7.  Primary  and  Secondary  Results. — The  results  of  electrolytic  action 
arc  distinguished  as  primary  and  secondary.  The  results  are  called  pri- 
wiaty  when  the  elements  that  are  decomposed  appear  at  the  electrodes 
unchanged  and  uncombined  j  the  results  are  called  secondary  when 
thf  elements  that  are  decomposed  are  changed  or  recombined  when  they 
Barpear  at  the  electrodes.  The  secondary  results  are  favored  by  the 
^  nascent  condition  of  the  elements  that  are  decomposed.  The  secondary 
results  arc  caused  by  the  action  of  the  decomposed  elements  on  the  sub- 

■  stance  of  the  electrode,  or  on  the  substance  itself  that  is  undergoing 
decomposition.  Even  the  decomposition  of  water,  when  diluted  with  sul- 
phuric acid,  is  really  a  secondary  result.  Perfectly  pure  distilled  watei 
does  not  perceptibly  decompose  even  under  quite  a  strong  current.  If  a 
few  drops  of  s\ilphuric  gases  are  added,  the  acids  are  freely  disengaged. 
The  sulphuric  acid  HJSO^  is  disengaged  by  the  current  into  H,  at  the 
negative  and  SO4  at  the  positive  pole  ;  the  former  H,  is  liberated, 
aod  the  latter  SO,  at  the  positive  pole  acts  on  the  water  and  forms 
H sulphuric  acid  again.  Secondary  decomposition  is  modified  by  the 
material  of  which  each  electrode  is  composed.  Thus  in  decomposing 
sulphuric  acid,  when  the  positive  electrode  is  made  of  carbon,  the  oxy- 
gen decomposed  acts  on  the  carbon,  fonning  carbonic  acid  and  carbonic 
oxide.  Kkctro-chemical  action  continued  for  weeks,  months,  and  years, 
as  was  done  by  that  very  laborious  experimenter,  Mr.  Crosse,  of  Broom- 
field*  may  produce  as  secondary  results  interesting  minerals,  such  as 
quartx,  arragonitc,  malachite.  During  these  experiments  in  electro- 
crystallizarion  Mr.  Crosse  discovered  that  remarkable  insect,  the 
mcarus^  which  appeared  in  electrized  solutions  of  sulphate  of  iron, 
sulphate  of  zinc,  and  nitrate  and  sulphate  of  copper.  It  was  supposed 
•that  the  acari  arose  from  ova  deposited  by  insects  floating  in  the  at- 
mosphere, and  that  they  might  possibly  be  hatched  by  electric  action. 
As  a  reward  for  this  discovery,  which  now  seems  to  be  almost  forgotten. 
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Mr.  Crosse  was  subjected  to  absurd  and  ouUi^eous  abase,  as  thougl 
he  were  infringing  on  the  prerogatives  of  the  Creator.  Mr.  Weekes,  of 
Sandwich,  in  Kent,  subsequently  repeated  the  experiments  of  Crosse  by 
passing  electrical  currents  through  silicate  of  potash  in  glass  receivers 
over  mercury.  All  possible  care  was  taken  to  keep  out  foreign  matter. 
After  a  constant  action  of  a  year,  insects  appeared,  entirely  similar  to 
those  obtained  by  Mr.  Crosse.  The  metallic  deposits  in  electro  metal- 
lizing are  the  secondary  results  of  the  electro-chemical  decomposition. 
Water  is  electrolyzed,  hydrogen  is  disengaged  at  the  cathode,  and  oxy- 
gen at  the  anode ;  but  the  hydrogen  reacts  on  the  metallic  solution, 
combines  with  its  oxygen,  and  frees  the  metal.  The  oxygen  also  com- 
bines with  an  element  at  the  anode.  In  the  section  on  Electro-Surgery 
it  will  be  found  that  the  secondary  decomposition  is  utilized  in  the  selec- 
tion of  the  material  used  for  needles  in  galvano-puncture. 

3.  The  Differential  Action  of  the  Poles, — Different  elements  go  to  the 
cuiode  and  the  cathode,  according  to  the  nature  of  the  substance  de* 
coiiiposed  and  the  material  of  which  the  electrode  is  made. 

Ptatinum-wire  makes  the  best  electrode  for  electrolytic  experiments 
jn  various  substances,  because  platinum  is  not  acted  on.  Copper  and 
silver  wire  may  be  used,  but  the  secondary  action  which  they  cause 
^eatly  complicates  the  experiment. 

To  distinguish  the  precise  character  of  the  changes  that  take  place  in 
the  electrolysis  of  many  substances  is  &equently  difficult,  and  sometimes 
impossible.  It  is  difficult  to  decide  whether  any  of  the  elements  of  the 
electrolyte,  besides  water,  undergo  decomposition  ;  and  whether  the 
changes  are  of  a  primar)*  or  secondary  character. 

Among  the  substances  that  are  most  readily  decomposed  by  the  elec- 
tric current  are  the  following : 

Iodide  of  Potassium. — This  decomposes  under  a  very  feeble  current, 
the  iodide  and  oxygen  going  to  the  positive  and  the  hydrogen  and  al- 
kali to  the  negative.  Thus  the  decomposition  of  iodide  of  potassium 
by  electricity  affords  a  very  good  means  of  distinguishing  the  poles. 
The  brown  color  of  the  iodine  always  appears  at  the  positive  pole.  The 
whole  solution  soon  presents  the  color  of  iodine. 

Chloride  of  Sodium. — A  solution  of  common  salt  decomposes  quite 
readily,  chlorine  appearing  at  the  positive  and  hydrogen  and  oxide  of 
sodium  at  the  negative  pole.  If  the  positive  needle  is  platinum,  the 
odor  of  chlorine  is  at  once  detected ;  if  it  is  of  copper,  the  chlorine 
unites  with  the  copper,  making  the  solution  turbid. 

Acetate  of  Lead. — This  salt  in  solution  decomposes  with  comparativa 
ilownoss  by  secondary  action,  peroxide  of  lead  appearing  at  the  posi 
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e  pole,  and  hanging  from  it  in  light  threads  or  masses.     The  water 
^frequently  decomposes  before  the  lead  yields  at  all. 

Nobilii  Iris-Rings. — It  is  by  the  electrolysis  of  lead  that  the  beau- 
'^tiful  iris-rings  are  produced.  A  polished  steel  plate  is  put  in  a  dilute 
solution  of  acetate  of  lead.  The  steel  plate  is  connected  with  the 
positive  pole  of  a  galvanic  battery,  while  a  wire,  connected  with  the 
negative  pole,  is  put  in  tlie  solution.  Peroxide  of  lead  is  at  once  libe- 
rated on  the  steel  beneath  the  wire,  and  a  Elm  extends  outward,  but 
growing  thinner  and  thinner.  Thus  a  series  of  concentric  circles  is 
formed  exhibiting  bright  iris  colors. 

Nitric  Acid. — Strong  nitnc  acid  conducts  well  and  decomposes,  oxy- 

^gen  appearing  at  the  positive  pole,  nitrous  acid  and  nitric  oxyd  at  the 

'  Bcgarivepole.    Dissolution  takes  place,  and  the  water  becomes  yellow. 

Nitrate  of  Potash.— Th\s  is  a  good  conductor,  and  yields  secondary 

results, 

Sulpkuraus  Acid. — This,  when  diluted,  yields  oxygen  at  the  positive 
pole,  and  hydrogen  and  sulphur  at  the  negative. 

Sulphuric  Acid, — This  yields  sulphur  at  the  negative  pole,  and  pio- 
dttoes  secondarj'  results. 

Muriatic  Acid. — A  strong  solution  of  this  yields  hydrogen  at  the 
negative  pole,  and  chlorine  at  the  positive  pole.    . 

Micctro-mctallurgy. — Electro-metallurgy,  or  the  art  of  precipitating 
iRietals  from  their  solutions  by  the  galvanic  current,  is  a  result  of  the 
discovery  of  electrolysis — is  indeed  itself  simply  an   electrolytic  pro- 
ssw     There  are  two  divisions  of  this  art— electrotyping  and  electro- 
plating.    ITie  art  of  electro  metallurgy  was  discovered,  independently, 
Spencer,  in  England,  and  Jacobi,  in  Petersburg,  in  1837.     Electro* 
Qding  was  discovered  by  Brugnatelli,  a  pupil  of  Volta,  but  was  first 
ed  by  M.  de  la  Rive. 

Theory  of  Electrolysis. — The  theory  of  electrolysis  at  present  accepted 
the  following :  In  ever}'  compound  one  of  the  elements  is  electro 
rpositive,  the  other,  electro-negative.  Under  the  influence  of  the 
opposing  electricities  from  the  electrodes,  decomposition  and  reconipo- 
Ktion  go  on  from  one  pole  to  the  other.  But  these  decompositions  an<l 
recom positions  are  seen  only  at  the  electrodes. 

This  may  be  illustrated  by  the  electrolysis  of  water.     Water  is  com- 
posed of  one  atom  of  oxygen  and  two  atoms  of  hydrogen.     Oxygen  is 
electro-negative  and  hydrogen  is  electro-positive. 
When,  now,  the  electrodes  are  dipped  in  water,  the  electro-negative 
ygen  of  the  molecule  a  (Fig.  22)  is  attracted  to  the  positive  pole,  and 
[the  electronegative  hydrogen  is  repelled. 
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The  oxygen  is  then  given  off  at  the  positive  pole,  while  t\ 
hydrogen  unites  itself  with  the  next  atom  of  oxygen  of  tl 

&i  while  the  original  i 
drogen  is  expelled. 

This  atom  of  hydr 

with  the  oxygen  of  tt 

c,  drives  out  the  hyt 

Fio.  as,  which  that  atom  had 

viously   combined,   and  so  on  through  tlie  whole  series  ol 

until  the  negative  pole  is  reached.     Here  the  hydrogen  h 

oxygen  to  combine  with,  so  it  is  liberated  as  gas.  | 

The  electrolysis  of  all  other  electrolytes  is  similarly  explat 
simple  and  ingenious  theory  was  devised  by  GrotthUss. 

D€e<^tnposed  Elemtnis  appear  only  ai  the  Electrodes. — In 
the  elements  decomposed  appear  only  at  the  electrodes  ;  t 
diate  region  presents  no  change,  although,  of  course,  it  mu 
ersed  by  the  decompositions  that  occur.  This  is  illustra 
following  experiment  of  Davy  :  Three  vessels  are  connects 
ton  wick  thoroughly  moistened.  In  one  vessel  is  placed  an  al 
and  in  the  other  two,  water.  The  liquid  of  all  three  vessel 
with  syrup  of  violets.  When  the  galvanic  cmrent  is  made  to  p 
the  vessels,  the  liquid  at  the  negative  pole  becomes  grei 
liquid  at  the  positive  becomes  red<^  demonstrating  that  the  ai 
the  positive  and  the  alkaline  base  to  the  negative  pole,  T 
the  middle  ressel  suffered  no  change  of  color,  although  it 
been  traversed  by  the  acid  in  the  solution. 

Electrolysis  compared  with  the  Reactions  in  the  Batteries.- 
observed  that  the  chemical  action  that  takes  place  in  the  fli 
battery  is  similar  to  electrolysis.  The  two  are,  indeed,  ft 
cisely  the  same  nature.  The  action  in  the  battery  is  accon 
an  electric  current ;  the  action  in  electrolysis  occurs  as  a  n 
passage  of  a  current. 

In  the  section  on  Electro-Surgery  it  will  be  shown  that  all 
sical  laws  of  electrolysis  havs  a  direct  and  necessary  bearing 
of  electrolysis  in  surgciy. 


CHAPTER   V. 

CTDtTCKD  BLECTRICrrV — CURRENT  AND  MAGNETO-INDUCTIOU — ELECTRO 
,  MAGNETISM — THERMO-ELECTRIC    BATTERIES. 


Induced  Electricity ^  or  Electro-Magnetism  :  Electro  dynamical  Indue- 
tion. — We  have  seen  that  induction  means  the  action  that  electrified 
bodies  exert  on  other  bodies  at  a  distance.  Electro-statical  induction 
has  already  been  treated  of.  We  have  now  to  speak  of  the  induction 
of  current-electricity. 

Prof.  Oersted,  of  Copenhagen,  first  observed  that  the  electric  cur- 
rent, brought  near  a  magnetic  needle,  caused  it  to  deflect.  This  was 
the  earliest  observation  in  electro-magnetism. 

Philosophers  at  once  set  themselves  at  work  to  explain  this  phenome- 
non. The  discovery  was  not  an  accidental  one  on  the  part  of  Oersted. 
For  years  he  had  been  occupied  with  the  study  of  electro-physics,  and 
as  early  as  1807  he  had  published  a  work  in  which  he  stated  that  he 
purposed  to  ascertain  whether  electricity  in  its  most  latent  state  had 
any  effect  on  the  magnet.  His  first  discovery  that  the  needle  had  a 
tendency  to  place  itself  at  right  angles  to  the  wire  in  which  a  current  was 

issing,  was  a  natural  sequence  and  confirmation  of  his  early  researches. 

t>is  discovery  by  Oersted  formed  another  era  in  the  science  of  elec- 
ricity  ;  for  in  1820  the  enthusiasm  caused  by  the  discoveries  of  Galvani 
and  Volta  had  subsided,  just  as  the  enthusiasm  caused  by  the  Leyden 
jar  and  Franklin's  kite  had  died  away  when  Galvani  made  his  renowned 
experiment 

Ampir^s  Theory  of  Magnetism. — Among  the  many  scientists  who 
sought  to  explain  and  unfold  the  phenomena  of  electro-magnetism  as 
discovered  by  Oersted,  it  was  reserved  for  Ampere   to   achieve  the 

ghest  success.  This  theory,  which  was  developed  by  rigid  matheraat- 
demonstra lions,  was,  that  each  molecule  oj  a  magnetic  body  is  trav- 
ersed by  closed  electric  currents.     These  currents  are  free   to  move 

out  their  centres  of  gravity,  but  the  coercitive  force,  which  is  weak  is 

►ft  iron  but  great  in  steel,  tends  to  keep  them  in  position. 
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Before  a  magnetic  body  is  magnetized  tliesc  molecular  currents,  o« 
rings  of  electricity,  by  their  mutual  attraction  neutralize  each  other, 
so  that  their  combined  action  on  any  other  substance  is  nothing. 

When  a  body  is  magmtizedf  these  molecular  currents  assume  a  paral- 
lel direction.  The  more  complete  the  magnetization,  the  more  nearly 
parallel  they  become.  When  they  are  completely  parallel,  the  limit  of 
magnetization  is  reached.  Ampere  further  supposes  that  all  tliese  mo- 
lecular  currents  are  equivalent  to  a  single  current  circulating  round  the 
magnet.  Still  further,  and  in  consonance  with  his  theory,  Ampere  sup- 
posed that  terrestrial  magnetic  eflfects  were  due  to  magnetic  currents 
that  circulate  round  the  earth  from  east  to  west,  perpendicular  to  tne 
magnetic  meridian.  The  resultant  of  these  currents  is  a  single  cur- 
rent going  from  east  to  west.  These  currents,  which  are  supposed 
to  be  due  to  the  action  of  the  sun,  deflect  magnetic  needles,  magne- 
tize iron,  etc. 

77ie  Electric  Current  ads  cts  a  Magnet :  Solenoids. — In  confirma- 
tion of  Ampdre's  theory  of  magnetism,  it  is  found  that  when  a  helijc,  or 
spirals  of  covered  wire,  coated  in  such  a  way  that  one  of  the  wires  passes 
through  the  axis  (solenoid,  as  it  is  called),  is  suspended  into  cups  of 
mercury,  and  traversed  hy  a  current,  it  will  act  like  a  magnetic  needU 
and  point  from  north  to  south.  Ampere  gave  the  following  rule  by 
which  the  directions  of  the  needle  under  the  current  can  be  under- 
stood :  Let  the  observer  imagine  himself  placed  in  the  wire,  so  that  a 
current  enters  at  his  feet  and  leaves  at  his  head,  while  his  face  is  turned 
toward  the  needle ;  the  pole  will  always  be  deflected  toward  the  Ufl 
of  the  observer. 

Helix. — In  a  helix  of  a  copper  wire  through  which  a  current  circu- 
lates, each  convolution  of  the  spiral  xn^.y  be  regarded  as  one  of  the  little 
magnets  of  Ampere's  theory.  The  ends  of  the  spiral,  when  the  current 
passes  through  it,  act  on  a  magnetic  needle  like  the  poles  of  a  magnet. 
Ampere's  theory  explains  two  important  magnetic  phenomena. 

I  St.  Why  like  poles  repel  and  unlike  attract. 

Two  north  p(>les  of  a  magnet  side  by  side  have  opposite  cur- 
rents and  repel  each  other.  Similariy  with  two  south  poles.  But  a 
north  and  south  have  currents  in  the  same  direction  and  attract  each 
Other. 

2d.  Why  a  magnetic  needle  places  itself  north  and  south.  A 
magnet  can  come  to  rest  only  when  the  current  below  it,  nearest  lh« 
earth,  is  parallel  to  ihe  earth-current.  The  magnetic  needle  turns  to 
the  north  to  allow  die  currents  below  it  to  become  parallel  to  the  earch'i 
current. 
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^hctr^-magftetic  Hflix. — Magnetism  is  induced  in  a  bar  of  soft  iron 
6y  the  simple  passage  of  a  current  near  it,  in  a  direction  at  right  angles 
to  th-e  bar.     If,  however,  the  wrire  (Fig-  23)  encircles  the  iron  many 
times,  this  eflTect  will  be  much  in- 
creased    Let  a  current  be  passed 
over  the  wire  in  the  direction  of  the 
arrows,  and  the  iron  within  will  be- 
come  strongly   magnetic,    with    its 
poles  as  shown  by  the  letters  S  and 
N.     If  the  enclosed  iron  be  not  too 
heavy,  it  will  be  drawn  to  the  centre 
and  held  suspended  there. 

When  the  current  is  broken,  the  iron  ceases  to  be  magnetic ;  while, 
if  a  bar  of  hardened  steel  be  substituted  for  the  iron,  it  will  retain  iti 

Pagnctism  permanently.     Such  a  coil  of  wire  is  called  a  helix,  from 
if,  a  winding,  and  a  magnet  formed  in  the  manner  described  is  termed 
I  eUctro-magnd. 
Fig-  24  represents  the  general  form  of  an  electro-magnet.     It  is  com- 
posed of  a  bar  of  soft  iron,  bent  into  the 
form  of  a  horseshoe.     An  insulated  wire  is 

^—coiled  round  its  extremities.     When  a  cur- 

^Kent  of  electricity  is  passed  through  the  coil^ 

^^the  horseshoe-bar  becomes  magnetic,  and 
attracts  the  armature.  If  the  current  is 
broken,  the  bar  becomes  demagnetized  and 
ti»e  armature  falls  to  the  ground.  Perma- 
nent magnets  possess  much  less  power  than 
electro-magnets. 

If  the  iron  bar  within  the  helix  be  more 
than  a  third  of  an  inch  in  thickness,  and  the 
current  be  of  moderate  strength,  the  mag- 
netism   induced    is    in    proportion   to    the 

strength  of  the  current,  and  of  the  number  of  turns  in  the  coil.  Ad- 
ditional coils  of  the  wire  give  no  increased  magnetism,  if  the  bar  if 
thinner  than  one-third  of  an  inch-  In  this  case  maximum  is  soon 
reached.  Again,  if  the  circuit  is  made  very  long,  thus  reducing  the 
•trength  of  the  current,  the  advantage  usually  gained  by  the  thick  bar, 
and  by  increasing  the  number  of  coils,  may  be  lost.  The  iron  ba: 
«hould  be  perfectly  pure  and  well  annealed,  in  order  that  the  electro. 
magnet  may  quickly  acquire  and  as  quickly  lose  its  magnetism  00 
Hosing  and  breaking  the  circuit. 
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Direction  of  the  Induced  Current. — If  a  current  of  electricity  is  passed 

through  any  conductor,  it  will  inr 
»_A-  ■_        duce  a  current  in  the  opposite  direc- 

tion in  a  second  conductor  situated 
^  ^      parallel  to  the  first.     Let  A  B,  Fig. 

25,  be  a  wire  connected  at  either 
extremity  with  the  poles  of  a  gal- 
vanic battery,  and  M  N  a  second  wire  parallel  and  near  to  the  first. 
As  soon  as  the  circuit  is  formed  and  a  current  passes  from  +  to  — ,  a 
secondary  current  is  induced  in  the  second  wire,  but  in  an  opposite 
direction. 

This  current  is,  however,  but  for  an  instant.  As  soon  as  the  circuit 
is  broken,  an  instantaneous  current,  with  its  direction  reversed,  is  again- 
established  in  the  second  wire. 

Different  Orders  of  Induced  Currents. — Induced  or  secondary  cur- 
rents have  themselves  the  power  of  producing  induced  currents  in  other 
adjacent  circuits.  Currents  thus  induced  from  secondary  induced 
currents  are  called  tertiary  induced  currents.  These  tertiary  induced 
currents  have  also  tlie  power  of  producing  induced  currents  in  an  ad- 
jacent circuit,  and  so  for  a  long  series. 

Currents  produced  in  this  way  are  in  opposite  directions  alternately, 
and  their  strength  diminishes  the  higher  they  ascend. 

As  a  secondary  current  flows  in  a  direction  opposite  to  that  of  the 
battery  current,  so  the  tertiary  flows  in  a  direction  opposite  to  the 
secondary.  This  law  holds  good  throughout  the  whole  series, — the 
strength  of  the  current  diminishing  as  the  distance  from  the  battery 
increases. 

The  manifestation  of  electrical  action  in  the  secondary  coil,  upon 
closing  and  breaking  the  circuit,  is  called  the  electric  throbs  while  the 
passive  condition  of  the  wire  while  under  induction  has  been  described 
by  Faraday  as  electro-tonic. 

If  the  primary  coil  be  movable,  so  that  it  can  be  brought  in  closer 
proximity  to  the  secondary  coil  while  the  current  is  passing,  an  inverse 
current  is  produced  at  the  moment  of  its  approach,  the  same  as  when 
the  circuit  is  closed.  If  now  the  primary  coil  be  withdrawn,  a  direct 
current  is  produced,  the  sajne  as  when  the  circuit  is  broken.  As  long 
as  the  primary  coil  remains  in  one  position,  all  evidence  of  electricity 
in  the  secondary  wire  disappears.  If,  however,  while  in  this  position, 
the  strength  of  the  primary  current  be  increased  or  diminished,  mo- 
mentary currents  arc  established  in  the  secondary  coil  j  the  inverse 
following  the  increase,  and  the  direct  current  following  the  decrease  io 
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the  strength  of  the  primary  current.  In  thus  experimenting,  it  is  iiiucb 
more  convenient  to  wind  the  wires  on  separate  bobbins,  so  that  one 
may  be  placed  within  the  other,  as  represented  in  Fig.  26. 


Lei  A  represent  the  primary  coil,  which  is  composed  of  wool-covered 
wire  -j^  of  an  inch  in  diameter ;  and  B  the  secondary  coil,  of  silk- 
covered  wire,  much  longer  than  the  other,  and  about  ^  of  an  inch  ir. 
diameter.  Now  let  the  secondary  coil  be  connected  with  the  galvan- 
ometer, G,  by  means  of  the  two  binding-screws,  while  the  primary  coil, 
by  two  loose  and  flexible  wires,  is  placed  in  the  circuit  of  a  galvanic 
cell.  As  soon  as  A  is  inserted  into  B,  a  momentary  inverse  current  is 
indicated.  If  it  be  withdrawn,  the  galvanometer  indicates  a  momen- 
tary direct  current  ^VTiile  the  primary  coil  remains  in  the  secondary, 
the  needle  announces  the  induction  of  currents  according  to  the  prin» 
ciples  stated  above,  whenever  the  strength  of  the  primary  current  is 
increased  or  diminished. 

The  Conditions  under  which  Induction  takes  place. — ^To  sum  up  in 
briet  Induction  takes  place  from  one  circuit  into  an  adjacent  circuit, 
1st.  At  the  moment  when  the  current  is  closed.  2d.  The  moment 
when  the  current  is  opened.  3d.  While  the  current  is  increasing  01 
diminishing  in  strength,  4th.  While  the  current  is  brought  near  to  01 
removed  £rom  the  adjacent  circuit    A  current  that  closes  or  increasef 
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in  strength,  or  is  brought  near  to  an  adjacent  circuit,  induces  an  invent 
momentary  current  in  that  circuit  A  current  that  opens  or  diminishes 
in  strength,  or  is  removed  from  an  adjacent  circuit,  induces  a  direa 
momentary  current  in  that  circuit.  It  tvill  be  seen,  therefore,  that  in- 
duction takes  place  only  when  there  is  some  change  in  the  condition  oj 
the  inducing  current.  It  roust  be  closed  or  opened,  increased  or  dimin- 
ished in  strength,  brought  near  to  or  removed  from  the  adjacent  circuit 
In  the  ordinary  electro -magnetic  machines  these  changes  are  made 
by  a  rheotomcy  or  current-interrupter,  and  the  strength  of  the  current 
is  modified  by  withdrawing  or  removing  a  metallic  cylinder  enclosing 
the  coils,  or  by  withdrawing  or  removing  the  core  of  iron  needles. 

Induction  of  a  Current  on  Itself :  Extra  Current. — The  extra  cur- 
rent is  that  which  is  induced  by  the  current  in  each  coil,  or  winding  of 
the  primary  coil  on  the  other  adjacent  windings. 

The  windings  act  inductively  on  each  other  both  at  the  opening  and 
closing  of  the  circuit  Thus  we  have  a  direct  and  an  inverse  extra  cur- 
rent The  direct  extra  current  gives  shocks  and  sparks,  decomposes 
water,  magnetizes  steel,  and  melts  platinum-wire.  The  electro  motive 
force  of  the  extra  current  bears  a  uniform  relation  to  the  intensity  of 
the  primary  or  inducing  current  When  the  secondary  coil  is  closed^ 
the  extra  current  does  not  appear  in  the  primary  coil,  but  by  what  is 
called  reaction  it  is  formed  in  the  secondary  coil  itself,  and  becomes 
an  ordinar}'  induced  current. 

It  is  called  the  extra  current  only  so  long  as  it  remains  in  the  pri- 
aary  coil ;  it  so  remains  only  when  the  secondary  coil  is  open. 

Rheotome,  or  Current-interrupter. — Among 
the  different  contrivances  for  producing  these 
changes  in  the  primary  current  that  are  neces- 
sary for  induction,  the  most  convenient  is  the 
Rheotome,  or  Current-interrupter. 

This,  when  placed  in  the  circuit  of  the  pri- 
mary coil,  alternately  closes  and  opens  the  cur- 
rent, and  thus  causes  induced  currents  in  the 
secondary  coil. 

Fig.  27  represents  a  current-interrupter. 
Into  the  iron    covering  A  are  fastened  the 
ends  of  the  iron  wires  of  the  core  within  the 
coil. 

The  hammer  H  is  attached  to  a  spring  D, 
which  is  in  the  primary  circuit ;  /  is  a  projection  tipped  with  plati- 
imm,    because  that  metal  docs  not  corrode ;  /',  connected  with  the 


Fic.  *t. 


INDUCTION   COILS. 

IT,  is  also  tipped  with  platinum.  When  the  circuit  is  cIoscd»  the 
rore  of  iron-wire  A  becomes  magnetic,  and  draws  H  away  (i  im  /\ 
against  which  it  naturally  rests.  This  breaks  the  current,  for  tlie  circuit 
is  completed  through  the  connection  of/  and/".  As  the  curient  is 
broken,  A  of  course  loses  its  magnetism,  and  no  longer  has  poi^'er  to 
attract  H  ;  therefore  the  spring  D  brings  H  back  to  /',  where  it  natur- 
ally rests.  This  completes  the  circuit,  and  again  A  becomes  magnetic, 
and  again  it  attracts  H,  and  thus  H  is  >fc<r//  rapidly  vibrating  with  a 
buzzing  sound  between  A  and  /',  These  constant  interruptions  keep 
ttp  an  induced  current  in  the  secondary  coil-  The  screw  b  gives  the 
necessary  stiffness  to  D. 

Object  of  ihi  Iron  Core  in  the  Primary  Coil, — The  inductive  power 
of  the  primary  current  is  very  greatly  increased  by  putting  a  bar  of  soft 
iron  or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil.  The 
con  core  strengthens  the  current  in  this  way.  It  becomes  magnetic  by 
the  action  of  the  current,  and  this  magnetism  disappears  when  the  cur- 
rent opens.  The  disappearance  of  the  magnetism  induces  a  current  in 
the  same  direction  as  the  disappearing  primary  current,  and  thus 
strengthens  it.  In  electro- magnetic  machines,  as  used  for  electro- 
thera|>eutics,  this  iron  core  is  a  very  convenient  means  for  modifying 
Ihe  current.  Pushing  it  in  the  coil  increases  the  current,  withdrawing 
h  diminishes  the  current. 

A  bundle  of  wires  is  preferable  to  a  single  bar  of  soft  iron,  for  in  the 
latter,  currents  are  formed  which  impede  the  sudden  cessation  of  the 
primary  current,  while  in  the  former  these  cannot  be  formed. 

Thickness  and  Length  of  the  Outer  and  Inner  Wires, — It  is  a  law  of 
«lectro-physics  that  wires  of  a  large  diameter  conduct  electricity  better 
tfiao  wires  of  a  small  diameter.  It  is  necessary  that  the  primary  cur- 
rent should  be  strong,  since  its  principal  object  is  to  excite  magnetism 
in  the  core ;  consequently  the  coil  is  made  of  thick  wire  and  of  moderate 
length.  The  secondary  coil,  however,  is  made  of  very  thin  wire,  and 
of  great  length,  so  that  as  many  turns  as  possible  may  be  brought 
within  the  influence  of  the  core  and  of  the  primary  coil,  and  thus  pro- 
duce a  secondary  current.  As  with  the  galvanic  or  inducing  current, 
the  electro-motive  force  of  the  battery  is  proportionate  to  the  num- 
ber of  cells ;  so  with  the  induced  or  secondary  current,  the  electro 
motive  force  of  tlie  coil  is  proportionate  to  the  number  of  turns  or  coilf 
in  it 

Induction  Coils  and  Electro-magnetic  Machines, — An  induction  coF 
for  philosophical  or  electro-therapeutical  purposes  consists  usually  o( 
fare  hi^'res  or  coils  of  vire  enclosing  a  bar  of  sop  iron  or  a  bundle  of 
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irtm  wirts,*  The  inner  coil  is  connected  with  the  poles  of  a  battery; 
atiU  there  is  some  arrangement  for  breaking  the  current.  The  inner 
coil  is  composed  of  tolerably  coarse  wire,  and  is  comparatively  shorL 
Thc  curretit  that  runs  through  it  is  called  the  primary^  or  sometimes 
ttje  inducing,  current.  The  outer  coil  is  in  no  way  connected  with 
tiie  inner  coil,  but  receives  by  induction  a  current  from  the  current  of 
the  inner  coil  as  it  is  alternately  broken  and  closed.  The  outtr 
coil  i^  composed  oi  fine  wire,  and  it  is  very  much  longer  than  the 
iaucr  coil. 

The  finer  and  longer  the  wire,  the  greater  the  tension  of  the  current. 
The  ciineut  that  comes  through  the  outer  coil  is  called  the  secondary 
cuiieiUt  in  distinction  from  that  which  comes  from  the  inner  coil,  which 
liCaUcct  the  primary  In  both  coils  the  copper  is  insulated  with  silk 
covering. 

HMh^ikorff's  Coil. — The  most  powerful  of  all  coils,  and  the  one  best 
adapted  for  philosophical  experiments,  is  that  of  Ruhmkorff,  of  Paris. 
ll  in  about  1 4  inches  in  length.  The  inner  coil  is  of  copper,  is  about 
a  nuu.  in  diameter,  and  4  or  5  yards  long.  It  is  coiled  on  a  cylinder 
of  ciud-board,  and  is  enclosed  in  an  insulating  cylinder  of  glass  os 
rubber. 
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The  wire  of  the  outer  coil  is  of  copper,  from  -1^  to  ^  mm.  in  diameter^ 
IM^d  flotu  thirty  to  sixty  miles  in  length.  The  distinctive  features  of 
ilm  Lod  are  these  : 

ll  Li  coiled  in  sections  so  as  to  avoid  the  induction  of  the  outer 
if,  which  is  liable  to  take  place  when  it  is  very  long  and  the 
iiij^lj,  however  thorough  ilie  insulation. 

*  lu  Um  machine  of  Kidder,  to  b«  desert  bed  under  Electro-Therapeutics,  the  hdif 
.  i'«C(l  of  tlucc  or  more  coils  of  wire,  not  distinct,  but  connected. 
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aA  The  insularion  is  very  complete.  The  wire  is  covered  witli  silk, 
and  each  winding  is  separated  from  the  others  by  a  layer  cf  shellac 
In  the  larger  coils  of  Ruhmkorff  the  induced  currents  are  thousands  of 
times  stronger  than  die  primary  current  diat  excites  them. 

TTie  Condenser  of  Ruhmkorff*  s  Coil. — The  intensity  of  the  current  of 
the  sccondarj'  coil  is  increased  by  interposing  a  condenser  in  the  circuit. 
In  Riihmkorffs  coil  the  condenser  consists  of  150  sheets  of  tin-foil  x8 
inches  square,  and  with  a  surface  of  about  75  square  yards.  These 
sheets  are  coiled  around  insulating  oiled  silk,  and  around  each  other,  so 
as  to  form  two  armatures,  and  the  whole  is  placed  below  the  helix  in 
the  base  of  the  apparatus. 

Being  introduced  into  the  circuit,  it  receives  the  extra  current  and 
increases  its  tension.  It  stores  up  and  utilizes  force  that  would  other- 
wise be  wasted  in  the  form  of  sparks  at  the  interrupter. 

Effects  produced  by  Ruhmkorff' s  Coil. — ^The  tension  of  Ruhmkorff 's 
coil  is  enormous,  and  for  the  reasons  above  given — the  length  and  fine- 
ness of  the  secondary  wire  and  the  power  of  the  condenser.  It  possesses 
aU  the  properties  of  statical  as  well  as  dynamical  electricity.  It  is 
ca(>ab1e  of  giving  a  shock  so  violent  as  to  prostrate  a  man,  and  if  a 
sufficient  number  of  elements  are  connected  with  it,  it  could  kill  as  by 
a  stroke  of  lightning.  When  two  couples  ai-e  connected  with  it,  it  will 
kill  a  rabbit-  It  causes  fine  iron  wire  to  melt  and  burn  with  a  bright 
light-  It  can  rapidly  decompose  water,  or  produce  luminous  effects  in 
the  water  without  decomposition. 

It  decomposes  and  combines  gases.  Passed  through  a  hermetically 
sealed  tube  containing  air,  it  forms  nitrous  acid  from  the  nitrogen  and 
oxygen.     It  can  produce  a  spark  eighteen  inches  in  length  in  the  air. 

In  vacuo  it  produces  most  remarkable  effects.  In  the  so-called 
electric  egg,  a  luminous  trail  is  observed  between  the  poles.  At  the 
positi>'c  pole  the  light  is  red  and  brilliant ;  at  the  negative,  feeble  and 
violet-  If  vapor  of  alcohol,  or  turpentine,  or  bisulphide  of  carbon,  be 
introduced  into  the  vessel,  it  appears  in  the  form  of  alternate  light  and 
dark  zones  or  strata.  The  tints  vary  with  the  nature  of  the  vapor. 
The  same  phenomena  are  obtained  by  the  ordinary  galvanic  current 
from  a  large  number  of  cells.  The  luminous  effects  of  the  coil  are  a£ 
great  from  a  single  cell  as  from  a  large  number. 

In  electro-therapeutics  a  wide  variety  of  electro-magnetic  machines 
have  been  devised  Most  of  them  are  run  by  one  or  two  cells,  like 
Smee*s  or  Walker's,  and  the  current  generated  is  just  sufficient  for  ap- 
plication  to  the  human  body,  and  are  but  little  adapted  foi  the  philo 
•ophical  room. 
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The  largest  induction  coil  of  whicli  we  have  any  knowledge  is 
Apps,  in  Loudon.  It  is  nine  feet  ten  inches  long,  and  its  diai 
two  feet.  The  soft-iron  core  is  five  feet  long,  four  inches  in  di 
and  weighs  125  pounds.  The  length  of  the  primary  coil  is  3,77 
while  that  of  the  secondary  coil  is  cna  hundred  and  fifty  mih^ 
battery  is  excited  by  48  large  Bunsen  cells.  It  gives  a  flash 
nine  inches  long  that  will  perforate  five  inches  of  solid  plate-gla 
the  Stevens  Institute  of  Technology,  Hoboken,  there  is  also  ai 
tion  coil  of  great  power. 

Properties  of  Induced  Currents. — Induced  currents  have  in  < 
degrees  all  the  properties  of  the  ordinary  galvanic  current.  Tl 
duce  chemical,  thermic,  luminous,  and  physiological  effects, 
deflect  the  magnetic  needle,  magnetize  steel,  and  are  capable  c 
selves  exciting  induced  currents.  There  is  a  difference,  howe 
tween  the  effects  of  the  direct  induced  and  inverse  induced 
direct  gives  a  powerful  shock,  the  inverse  a  mild  shock. 

The  direct  magnetizes  to  the  point  of  saturation,  the  inver 
not  magnetize. 

In  their  action  on  the  galvanometer  they  are  about  equal  I 
lity,  the  direct  and  inverse  induced  currents  are  about  the  sar 
the  tension  of  the  direct  induced  is  greater  than  that  of  the 
induced. 

Cmnparative  Chemical  Effects  of  the  Galvanic  and  Induced  C 
— That  the  chemical  character  of  currents  of  induction  is  distincti 
the  galvanic  is  proved  by  the  following  experiment :  When  the  p 
poles  connected  with  an  induced  current  are  placed  in  water, 
decomposed  and  oxygen  produces  oxidation  of  platinum,  whi< 
duced  to  metallic  platinum  by  the  recombination  of  the  hydrog 
the  oxygen.  This  process  takes  place  at  both  poles,  so  th 
become  covered  with  a  powder  of  platinum. 

If  a  solution  of  iodide  of  potassium  and  starch  is  brought  i 
circuit,  the  hlue  color  appears  at  both  poles.  When  the  galva 
rent  is  used,  the  blue  color  appears  only  at  the  positive  pole, 
the  induced  current  is  sent  through  water  it  decomposes  it,  just 
galvanic  current  does  the  oxygen  and  hydrogen,  both  appes 
toth  poles ;  but  they  recombine,  and  thus  the  water  does  not 
to  be  decomposed  at  all. 

It  is  of  the  first  importance  to  the  electro-therapeutist  to  und 
tlecLro-magnetism,  for  it  is  the  form  of  electricity  most  used  in 
therapeutics. 

Magneto-electricity. — Magneto -electric  induction  is  the  mduc 
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electric  currents  by  magnetism.  It  is,  as  the  terra  implies,  the  reverse 
of  electro -magnetic  induction  There  are  two  forms  of  magneto-elec- 
tric induction. 

The  Jirst  and  most  familiar  form  is  when  a  current  is  induced  in  a 
coil  of  insulated  wire.  The  second  form  is  when  a  current  is  induced  in 
conducting  plates. 

Under  electro-magnetic  induction  we  have  seen  that  the  coil  of 
wire  in  which  a  current  circulates  produces  a  contrary  induced  cur- 
rent in  an  adjacent  coil  whenever  a  change  is  made  in  the  current  by 
opening,  closing,  withdrawing,  or  approaching  it.  The  strength  of  the 
induced  current  is  proportioned  to  the  amount  and  suddenness  of  these 
dianges.  If  now  we  substitute  for  the  primary  or  inducing  coil  a  per- 
manent bar  magnet^  and  cause  it  to  approach  or  withdraw  from  the  ad- 
jacent coil,  it  induces  a  current  in  that  coil.  This  principle  is  the 
basis  of  all  the  magneto-electric  machines  that  arc  so  familiar  to  stu- 
dents of  philosophy,  and  that  were  once  so  much  used  in  electro-thera- 
pcutics. 

The  development  of  magneto-electricity  is  shown  in  a  very  simpla 
manner  by  the  common  horseshoe  magnet,  its  armature, 
and  a  copper  wire.  Let  the  armature  A  B  be  encircled 
by  the  wire  C,  one  end  of  which  is  flattened  and  amal- 
gamated with  nitrate  of  mercury,  and  the  other  filed  to 
a  point  When  the  armature  is  placed  upon  the  magnet, 
the  moment  of  contact,  when  it  is  witlidrawn,  and  the 
act  of  withdrawal,  will  each  be  marked  by  a  spark  of 
electricity  at  C,  where  the  two  extremities  of  the  wire 
meet. 

The  electric  current  flows  in  one  direction  at  the  in- 
stant magnetism  is  induced  in  the  soft  iron  which  is 
enclosed  by  the  coil  of  wire,  and  in  the  opposite  direc- 
tion when  its  magnetism  is  destroyed. 

Id  the  electro-magnetic  machines  in  ordinary  use  a  sofl-iron  arma 
ture  covered  with  wire  is  made  to  rotate  in  front  of  the  poles  of  a  per- 
manent horseshoe  magnet.  As  the  armature  rotates,  its  two  ends  are, 
of  course,  alternately  brought  near  to  and  removed  from  the  bars  of  the 
magnet,  and  thus  two  currents  are  induced  in  the  wires  that  cover  the 
armature.  Each  current  lasts  half  of  a  revolution,  and  if  the  rotation 
be  rapidly  kept  up,  a  current  is  produced  which  may  be  perceived  when 
the  ends  of  the  wires  are  joined. 

A  Continuous  Current  from  Magnetoelectric  Machines. — When  the 
armatures  of  the  magneto-electric  machine  are  made  to  revolve  with 
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sufficient  rapidity,  a  c&tiUhucus  cnrrent  is  produced  which  has  all  the 
fuoperties  of  the  galvanic  currenL  Magneto-electric  currents  are, 
therefore,  extensively  used  in  electrolytic  experiments  and  in  electro- 
plating.  It  is  possible  that  some  of  these  may  be  utilised  in  electro- 
therapeutics. 

Currenis  induced  by  Magnetism  in  Conducling-plaSts :  Magneiism 
€f  Rciation, — In  1824-5  Arago  discovered  that  when  a  copper  disk  re- 
volved with  great  rapidity  under  a  needle  resting  on  a  disk  above  the 
disk,  the  needle  deflected  in  the  direction  of  the  motion  of  the  disk. 
After  a  time,  if  the  movement  be  sufficiently  rapid,  the  needle  refuses 
to  remain  fixed,  and  turns  around  after  the  disk.  The  explanation  of 
this  phenomenon  was  given  by  Faraday  in  1831.  He  showed  that  it 
arose  from  the  reaction  of  the  currents  induced  in  the  plate  by  the  mag- 
net. The  magnetism  of  rotation  is  only  one  of  the  many  phenomena 
connected  with  induction.  All  these  phenomena — induction  by  currents 
of  magnetism  and  by  rotation — are  explained  by  the  theory  of  Amp^e 
before  cited.  They  are  at  once  in  harmony  with  that  theory  and  con- 
.firmatory  of  iL 

History  of  Induction. — The  discovery  that  electric  currents  of  mag- 
netism can  induce  currents  in  neighboring  circuits  was  made  by  Faraday 
to  1830.  His  researches  on  the  subject  were  published  in  the  Philo- 
sophical Transactions  in  183 1  and  1S32. 

This  discovery  of  Faraday,  like  that  of  Oersted,  was  the  result,  not 
of  accident,  but  of  long  and  laborious  experimentation.  As  early  a« 
1825  Faraday  had  sought  to  make  a  wire,  through  which  the  galvanic 
current  was  passing,  induce  a  current  in  a  neighboring  wire,  just  as  a 
conductor  charged  with  Franklinic  electricity  would  have  done.  Not 
until  183 1  did  he  find  out  that  the  current  must  be  broken  or  closed, 
or  approached  or  withdrawn,  before  it  could  induce  a  current  in  a 
neighboring  wire. 

In  1832  Prof.  Henry,  then  of  New  Jersey,  now  of  the  Smithsonian 
Institute,  Washington,  observed  phenomena  which,  in  1834,  Faraday 
showed  were  due  to  the  extra  current.  In  1837  Bachhoffber  and 
Sturgeon  showed  that  a  bundle  of  wire  was  better  in  an  induction  appa- 
ratus than  a  rod  of  soft  iron. 

In  1841  Prof.  Henry  studied  the  mductive  action  of  currents  on 
currents.  In  1850  or  1851  Ruhmkorff  constructed  the  induction  coil, 
and  in  1853  Fizcau  greatly  increased  its  power  by  adding  to  it  a  con- 
denser. The  discover)'  that  discharges  of  the  Leyden  jar  made  a 
pnmaiy  spiral  induce  a  current  in  a  secondan-  spiral,  and  that  curr  nts 
of  the  third,  fourth,  and  fifth  order  can  be  thus  produced,  and  of  suflB- 
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oent  strength  to  give  shocks,  bum,  etc.,  was  made  simultaneously  by 
Profs.  Henry,  of  Washington,  and  Riess,  of  Berlin. 

The  first  magneto-electric  machine  was  made  by  Faraday  in  183 1. 
The  first  machine  of  the  style  now  used  was  made  by  Pixii  in  1832. 
Improvements  have  been  smce  made  bySaxton  (1833),  Clarke  {1836), 
Petrine  (1844),  Stohrer  (1844),  Siemens,  Halske,  Duchenne,  and 
others. 


THERAIO-BLECTRICITV. 

Thermo-tUctricity  is  that  form  of  iUciricity  that  arises  from  the  heat- 
ing of  two  heterogeneous  conductors  at  their  junction.  The  two  most 
important  methods  of  generating  thermal  currents  arc,  ist,  with  two 
portions  of  the  same  metal ;  and  2d,  with  two  different  kinds  of  metal. 
Thermo-electricity  generated  by^  One  Metal. — If  a  copper  wire  be 
<:ut  into  two  pieces,  and  one  of  the  ends  be  heated  to  redness  and 
pressed  against  the  end  of  the  other  piece,  a  current  of  electricity  is 
produced.     This  is  demonstrated  by  the  galvanometer. 

When  different  portions  of  the  same  metal  have  different  structures, 
a  current  is  obtained  when  the  point  where  both  structures  come 
together  is  heated. 

If,  for  example,  a  platinum  wire  be  twisted  or  bent  on  itself,  this 
twisting  so  changes  the  structure  of  the  wire  that  a  current  is  generated 
by  beating  the  pomt  of  union  between  the  twisted  and  non-twisted 
portico. 

Thermoelectricity  generated  by  Two  Metals. — Let  A  and  B  (Fig,  30) 
be  respectively  bars  of  antimony  and  bismuth,  soldered  to- 
gether, while  G  represents  a  galvanometer  connected  by  two 
wires  with  the  free  extremities  of  the  metals. 

When  the  junction  S  of  the  metals  is  heated,  a  current  of 
electricity  is  generated,  which  flows  from  the  bisnmih  to  the 
antimony,  as  shown  by  the  arrow.  If  the  junction  S  is  chilled 
by  applying  ice,  a  current  is  also  produced,  but  in  the  cppo- 
iite  direction.  This  combination  constitutes  a  thermo-electric 
^Ijf    pair. 

^,|^Z^  Thermo-electric  Batteries. — A  number  of  thermo-electric 
couples  soldered  together  so  that  the  copper  or  antimony  of 
one  is  soldered  to  the  bismuth  of  ihe  other,  and  so  on,  is  called  a 
iktrmoelectrit  battery.  The  current  is  generated  by  heating  one  row 
of  the  soldered  faces,  or,  as  the  current  depends  on  the  difference  of 
temperature  of  the  two  sides,  by  applying  ice  to  one  side  and  heat  to 
the  other. 
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3tD«'S  LAW  AND  ITS  PRACTICAL  APPLICATION  TO  BLECTROiTHERAPKUTlCSi 


The  basis  of  all  electrical  measurement  is  Ohm's  law,  which  is,  that 
the  quantiiy  of  eUctricUy  passing  through  any  point  in  a  circuU 
x^arits  directly  as  the  electro-motive  force^  and  inversely  as  the  resistance. 

Putting  Q  for  quantity,  E  for  electro- motive  force,  and  R  for  resistance, 
the  law  is  thus  expressed  :   Q  =  *, 

This  law  was  discovered  by  Prof.  Ohni,  of  Nuremberg,  in  1827,  and 
for  a  long  time  was  neglected.  It  is  the  north-star  of  dynamical  elec- 
tricity. Those  who  can  keep  this  always  in  sight  need  never  lose  their 
war,  however  long  or  intricate  the  explorations  tl^ey  may  make  in  this 
important  and  fascinating  realm.  Although  originally  nothing  but  a 
theory,  yet  it  has  been  powerfully  confirmed  by  the  mathematical  calcu- 
lations of  Fechner,  Pouillet,  Kohlrausch,  Daniell,  De  la  Rive,  and 
Wheatstone,  and  has  proved  itself  competent  to  explain  all  the  phe- 
nomena with  which  it  has  to  do.  Just  as  the  strength  of  ti>e  theory  of 
gravitation  consists  in  its  power  to  account  for  the  movements  of  the 
solar  system,  just  as  the  strength  of  the  undulatory  tlieory  consists  in 
its  power  to  explain  the  complex  phenomena  of  light,  so  the  strength 
of  Ohm's  law  consists  in  its  power  to  account  for  the  phenomena  of  dy- 
namical electricity.  As  no  one  can  be  master  in  astronomy  without 
cmderstanding  gravitation,  or  in  optics  without  understanding  the  undu- 
latory theory,  so  no  one  can  be  master  in  electricity  without  under- 
standing Ohm's  law. 

We  shall  endeavor  to  make  this  law  and  its  application  as  clear  as 
the  nature  of  the  subject  will  allow.  It  is  necessary  to  define  certain 
terms  that  are  not  very  familiar;  first  of  aU,  units  of  measurement. 

A  unit  is  an  abstract  term  to  express  any  determined  quantity^  by  th» 
^tpttUion  of  which  any  other  quantify  of  the  same  kind  can  be  measured^ 

An  0hm  i ,  a  unit  of  resistance  ;  one  million  ohms  =  one  megohm  j 
ooe  millionth  of  an  ohm  =  one  microhm. 

A  number  of  units  of  resistance  have  been  proposed — among  others 
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definite  lengths  of  wires  of  a  definite  thickness ;  but  wire  is  rarely  pure, 
and  the  different  specimens  widely  vary. 

In  1864  the  British  Association,  acting  on  the  suggestion  of  Webei, 
decided  that  electrical  resistance  could  be  expressed  as  an  absolute  ve- 
locity, without  any  reference  to  the  substance  that  conducts.  This  unit, 
which  expresses  a  velocity  of  10,000,000  metres  in  a  second,  is  called  a 
B.  A.,  or  British  Association^  unit. 

Previous  to  this  action  of  the  Association  the  best  known  units  were 
those  of  Siemen  and  Virley.  Siemeiis  unit  is  a  column  of  pure 
mercury,  one  metre  long  and  one  square  millimetre  in  sections  at  0°  C. 
VarUys  unit  yfas  one  mile  of  ordinary  copper- wire,  No.  16,  ^  of  an 
inch  in  diameter  at  60**  F.  The  B.  A,  unit  of  the  British  Association  is 
embodied  in  an  a//o}'  of  platinum  and  silver.  This  alloy  has  the  ad- 
vantage of  German  silver,  that  its  conducting  power -does  not  change 
with  long  use. 

The  unit  of  electro-motive  force  is  called  a  volt.  A  volt  is  equal  to 
about  the  force  of  a  Daniell  cell,  or  the  decimal  -9268. 

The  unit  of  quantity  is  a  farad.  In  other  words,  a  farad  is  the 
quantity  of  electricity  which,  with  a  certain  electro-motive  force,  flows 
through  a  certain  resistance. 

The  terminolog)'  of  electricity  in  general  has  been  atrociously  diffi- 
cult and  obscure,  but  nowhere  has  there  been  deeper  obscurity  and 
grosser  misunderstanding  and  inconsistency  than  in  the  application  of 
the  terms  resistance^  quantity^  tension^  and  electro-motive  force. 

Electro-motive  Force. — The  electro-motive  force  is  the  force  thai  urges 
forward  the  current. 

It  is  the  origin  of  tension^  to  be  hereafter  defined  This  force  ii 
modified — 

ist.  By  the  nature  of  the  plates  of  which  the  element  is  composed. 

ad.  By  the  nature  and  strength  of  the  acid  solution. 

3d.  By  the  number  of  elements  in  the  solution. 

Substances  that  stand  at  or  near  the  two  extremes  of  the  electro- 
positive and  electro-negative  series,  generate  a  stronger  electro-motive 
force  than  substances  that  stand  near  each  other. 

Zinc  and  platimim  or  zinc  and  carbon  give  more  electro-motive 
force  than  zinc  and  copper,  because  the  difference  in  their  oxidability 
is  greater,  and  they  stand  farther  apart  in  the  electro-positive  and 
electro-negative  series. 

Plates  that  are  imperfect  in  their  structure,  or  which  contain  impuri< 
ties  that  generate  currents  in  opposition  to  the  main  current,  or  plates 
that  are  worn  ort,   or  are  encrusted  with  the  products  of  chemical 
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aposition,  give  less  electro-motive  force  than  plates  that  are  per- 
feet,  fresh,  and  clean. 

Similarly  also  the  electro-motive  force  is  diminished  by  the  polarizing 
iction  of  the  current  in  the  cell.  Thus,  in  the  Smee  cell^  the  hydrogen 
that  gathers  on  the  platinura-plate  and  the  oxygen  that  gathers  on  the 
xinc,  generate  a  current  that  is  opposite  in  direction  to  the  main  cur- 
rent, and  enfeebles  it ;  and  for  this  reason,  lifting  the  plates  out  of  the 
liquid  a  moment  to  allow  the  gases  that  form  on  them  to  escape,  01 
vigorously  agitating  the  liquid,  at  once  increases  the  electro-motive 
force.  Strong  acids  which  excite  vigorous  chemical  action  give  more 
electro-motive  force  than  weak  acids,  and  therefore  it  is  that  sulphuric 

t  and  nitric  and  chromic  acids  are  so  much  used  in  batteries. 

W'hcn  the  proportion  of  acid  in  the  solution  is  large,  electromotive 

[force  is  greater  than  when  it  is  small.  Strong  solutions,  however,  con- 
sume the  plates  faster,  and  the  electro-motive  force  will  be  reduced 
thereby  sooner,  other  conditions  being  the  same,  than  when  weak  solu- 
tions are  used. 

The  electro-motive  force  is  exactly  proportioned  to  the  number  of 
tlemtnts,  without  regard  to  their  sis(.  Two  elements  give  twice  as 
much  electro-motive  force  as  one  element,  and  one  hundred  elements 
give  one  hundred  times  as  much  as  one  element  of  a  similar  character. 
This  can  be  proved  by  a  galvanometer,  with  a  long  resistance-coil, 
where  the  deticction  of  the  needle  will  be  in  pretty  exact  proportion  to 
the  number  of  cells  brought  into  the  circuit.  The  exactness  of  this 
proportion  is  of  course  modified  by  the  imperfections  of  individual  ele- 

L  ments,  or  by  variation  in  the  quantity  and  strength  of  solution  in  each 

fccll;  but  the  law  always  holds  good. 

Aft  with  the  long-coil  galvanometer,  so  with  the  human  body,  or  any 
other  powerful  resistance  whatsoever,  the  electro-motive  force  that  passes 
through  it  will  be — all  other  conditions  being  the  same — proportioned 
to  the  number  of  dements  and  without  regard  to  their  size.  If  a  series 
of  very  large  elements  are  opposed  to  an  equal  series  of  very  small 
elements  of  similar  construction,  no  current  will  pass;  they  will  neu- 
tralize each  other.     If  both  be  tested  by  the  galvanometer  with  a  long 

,  reustance,  they  will  cause  similar  deflections  of  the  needle. 

The  quantity  of  electricity  that  passes  through  a  circuit  is  directly  pro- 

lforti4>ned  to  the  electro-motive  force.     If  there  were  no  resistance  in  the 

*  circuit,  quantity  and  electro-motive  force  would  be  the  same :  Q  =  E. 
But  there  can  be  no  circuit  without  some  resistance,  therefore  Q  nevei 
equals  E. 

Electro-motive  force  of  different  batteries,  approximately ; 
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Grove loo 

Bunsen 98 

Daniel] 56 

Smee  (when  not  in  action) 57 

"    (when  in  action) 25 

Wollaston  (copper  and  zinc) 46 

Mari^  Davy  (sulphate  of  mercury  and  graphite).  76 

Chloride  of  silver 62 

Chloride  of  lead 30 


These  estimates  are  the  mean  of  a  very  large  number  of  abserva 
tions  by  Latimer  Clark,  taken  on  a  sine  galvanometer.  The  elcctr<v 
motive  force  is  somewhat  modified  by  various  undetermined  causes. 

Tension,  or  Potential. — Tension  is  that  quality  of  electricity  by  which 
it  overcomes  resistance.     This  definition  is  practical  rather  than  strict] 
scientific,  and  can  only  be  understood  by  explanation. 

Tension  is  a  resulted  the  electro-motive  force,  and  is  dependent  on  i^ 
and  by  mistake  the  two  are  often  confounded.  The  sum  and  the  diffe- 
rences of  electro-motive  force  are  always  equal  to  the  sum  and  diffe- 
rences of  tension,  but  they  are  differently  distributed  in  the  circuit. 
By  niathematici.'ins  the  term  potential,  suggested  by  Green,  is  preferred 
to  tension.  The  term  is  a  relative  one,  and  no  body  or  part  of  a  body 
can  be  said  to  have  an  absolute  tension  or  potential.  The  potential  of 
a  body  is  really  the  difference  between  its  potential  and  that  of  the 
earth,  which  is  assumed  to  be  zero.  Electricity  flows  from  a  body  or 
part  of  a  body  at  a  higher  potential,  to  a  body  or  part  of  a  body  at  a 
lower  potential,  and  the  work  which  it  does  measures  its  amount 
Differences  of  potential  may  be  compared  to  differences  of  level  for 
water.  As  water  lends  to  flow  from  a  higher  level  to  a  lower  level  un- 
til all  is  of  a  uniform  height,  so  electricity  tends  to  flow  from  a  higher 
to  a  lower  potential  until  the  potential  of  all  parts  of  the  conductor  is 
tlie  same,  and  ceases  to  flow.  An  instance  of  extreme  tension  is  found 
in  lightning,  where  it  is  caused  by  the  differences  in  the  electro-motive 
forces  between  two  clouds,  or  between  the  clouds  and  tlie  earth. 

The  tension  of  the  frictional  machine  is  very  great,  for  the  re&soo 
that  it  is  not  at  all  influenced  by  the  resistance  of  the  circuit,  which 
in  the  galvanic  battery  is  very  great  If  the  current  of  the  galvanic 
battery  encountered  no  resistance  in  the  circuit,  or  was  not  affected  by 
resistance,  its  tension  would  be  enormous. 

The  term  intensity  has  long  been  used  as  synonymous  with  tension  i 
but*  strictly  speaking,  intensity  is  derived  ixvm.  the  French  inteusUlf 
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rich  has  been  translated  intensity,  but  which  really  means  quantity. 
It  is  better  to  dispense  entirely  with  the  term  intensity,  and  we  have 
<ionc  so  in  the  present  work. 

Our  definition  of  tension  may  be  thus  illustrated  :    Let  a  battery  of  loo 
cells  be  joined  in  the  ordinary  tension  arrangement,  zinc  united  with 
carbon  and  so  on.    Place  the  battery  on  an  insulated  stand,  and  connect 
the  line  or  negative  pole  with  the  earth,  leaving  the  other  free.    Regard- 
ing the  earth,  for  convenience'  sake,  as  zero,  the  copper  pole  will  have 
k  tension  of  o,  while  the  free  end  will  have  a  tension  of  i  oo  positrt. 
If  a  wire  be  connected  with  the  free  end,  a  current  would  ^ow  from  ti 
^     to  the  earth.     If  now  we  reverse  the  position  of  the  poles,  connecting 
I^Kie  carbon  pole  with  the  earth,  and  leaving  the  other  free,  the  carbon 
^Knd  will  be  o,  and  the  zinc  end  will  be  loo  negative,  and  if  it  be  con- 
^^ected  with  the  earth  a  current  will  flow  from  the  earth  to  it.     In  both 
^K>f  these  cases  the  tension  is  the  same ;  in  one  case  it  is  positive,  in  the 
Vodier  negative.     Take  the  same  battery,  with  the  zinc  pole  connected 
with  the  earth,  and  join  the  carbon  and  zinc  ends  by  a  short,  thick  wire, 
and  a  strong  current  will  flow  through  the  wire.    But  here  comes  in  the 
difference  between  tension  and  electro-motive  force,  for  it  can  be  ascer- 
tained by  proper  tests  that  the  electro-motive  force  of  the  battery  is  the 
same  as  it  was  before  the  ends  were  joined,  but  the  tension  has  changed. 
Before,  it  was  loo  positive  at  the  carbon  end,  now  it  is  almost  o, 

li,  instead  of  a  short,  thick  wire,  a  long,  fine  wire  that  offers  greater 
resistance  be  used  to  connect  the  poles,  the  tension  at  the  carbon  end 
will  rise  with  the  increase  in  resistance  in  the  wire.  When  the  resist- 
ance becomes  infinitely  great,  the  tension  becomes  loo  again,  but  it 
can  never  exceed  loo,  for  the  tension  can  never  exceed  the  electro- 
motive force  at  any  point,  although  it  may  fall  very  much  below  it 

These  two  general  laws  in  regard  to  tension  should  be  remem- 
bered : 

ist.  It  rises  with  the  distance  from  the  zero  end  of  the  circuit 
id.  The  quantity  of  electricity  passing  between  any  two  points  is 
always  proportioned  to  the  difference  of  tension  between  these  points. 
The  actual  tension  may  be  high  or  low,  positive  or  negative,  but  there 
can  be  no  current  without  differences  of  tension.* 

The  arrangement  in  series  (or,  as  it  is  erroneously  called,  "  intensity 
arraagement "),  is  when  the  electro-positive  element  of  one  cell  is  united 
to  the  electro-negative  element  of  the  next  cell,  and  so  on.  The  "  quan- 
tity  arrangement,"  or  "  multiple  arc"  is  when  all  the  electropositive  elfr 
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ments  are  united  to  al)  the  electronegative  elements  so  as  to  make  one 
large  element.  The  aifaogement  in  series,  or  a  "  tension  arrangement,'* 
is  used  for  al!  ordinary  galvanization  and  electrolyzation.  The  multiple 
arc,  or  "  quantity  arrangement,"  is  used  in  galvano-cautery.  The  phrases 
"joined  for  tension/'  or  "  intensity,"  and  "joined  for  quantity,"  arc 
relics  of  old  and  exploded  theories  of  electricity.  For  convenience' 
sake  they  are  still  used  ;  but  those  who  understand  Ohm's  law  need 
not  be  deceived  by  them. 

Resistance. — Resistance  is  that  quality  of  a  conductor  that  impedes 
the  passage  of  a  circuit. 

There  are  two  kinds  of  resistance  in  any  circuit : 

I  St.  That  of  the  battery  itself  {Internal  Resistance). 

2d.  That  of  the  connecting  wires  (circuit  outside  of  the  battery),  the 
galvanometer,  the  human  body,  or  other  substance  introduced  into  the 
circuit  {External  Resistance). 

How  Resistance  is  Modified. — Resistance  is  modified  in  three  ways: 

I  St.  By  the  nature  of  the  substance,  whether  liquid  or  solid,  or  by  its 
special  chemical  composition. 

zd.  By  the  form  of  the  substance,  whether  long  or  short,  of  small  or 
large  diameter. 

jd.  By  the  temperature. 

It  is  proved  by  experiment  that  the  resistances  of  wires  of  the  same 
mctterial  and  of  the  same  thickness  are  directly  proportioned  to  their 
lengthy  and  inversely  proportioned  to  the  squares  of  their  diameters, 

A  wire  one  mile  in  length  gives  twice  the  resistance  of  a  wire  half  a 
mile  long,  and  four  times  the  resistance  of  a  wire  one-fourth  of  a  mile 
long.  On  the  other  hand,  wires  of  the  same  metal,  but  of  diameters 
which  stand  to  each  other  in  the  relation  i,  2,  3,  offer  a  resistance  which 
stand  to  each  other  as  i,  |,  |.  In  other  words,  the  longer  the  wire  the 
greater  the  resistance,  the  thicker  the  wire  the  less  the  resistance.  The 
same  law,  but  less  exactly,  appHes  to  liquids,  and  for  this  reason  large 
elements  gii'c  less  resistance  than  small  elements.  The  relative  sf>ecific 
resistances  of  a  number  of  metals  at  a  temperature  of  54**  F.  are  as 
follows  : 

Copi>er I         Iron 7.5 

Gold. 1.4      Lead 11 

Zinc 3.7      PlaUnum 11.3 

Mercury  (at  57*) 50.7, 

TTic  converse  of  resistance  is  conduction. 

The  following  table  of  the  relative  conductibility  of  metals  at  32°  F 
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Icen  from  Latimer  Clark.     It  will  be  perceived  that  it  varies  some 
vhai  from  the  above  table  of  relative  resistances  : 


SDver. 


.I30 


♦*  selected  (commer- 

cial). ..  .85  to  95 
Copper,    ordinary    (coramer- 

«dal} 40  to  70 

20 


Zinc. 


Copper  (pure) 99.9     Steel 


.29 
.16 


Iron 15 

German  silver 12  to  15 

Tin 12.4 

Lead 8.3 

Platinum 6.9 


.78       Mercury ..1.6 


It  will  be  seen  that  both  estimates  agree  in  making  copper  and  silvel 
the  best  conductors,  and  for  that  reason  copper-wire  is  so  much  used 
in  making  battery  connections.  In  both  tables  platinum  stands  low  in 
condactibility,  and  for  that  reason  platinum  wire  is  used  when,  as  in 
galvano-cautery,  it  is  required  to  generate  heal  by  passing  the  current 
through  a  resisting  medium.  If  mercury  could  be  made  in  the  form 
of  a  wire  it  would  of  course  be  better  than  platinum,  since  its  resist* 
ance  is  somewhat  greater.  Bismuth^  graphitty  and  coke  rank  still  lower 
in  conducting  power  than  mercury.  The  resistance  of  liquids  is  enor- 
mous. Thus,  taking  copper-wire  at  32°  F.  as  i,  ihe  resistance  of  a 
saturated  solution  of  sulphate  of  copper  at  48°  F.  is  16.885.520;  ditto 
of  chloride  of  sodium  at  56"  F.,  2.903.538;  ditto  of  sulphate  of  zinc, 
15.861.267;  sulphuric  acid  diluted  to  ^  at  68°  F.,  1.032.020;  nitric 
add  at  55°  F.,  976.000;  distilled  water  at  59°  F.,  6.734.208.000. 
I  It  has  been  estimated  that  the  human  body,  by  virtue  of  the  salts 
which  it  contains,  conducts  15  or  20  times  better  than  water^  provided 
tfu  skin  be  fully  moistened;  and  that  copper  conducts  from  three  to 
four  hundred  million  times  better  than  the  human  body. 

Effects  of  Temperature  on  Resistance. — Resistance  is  more  or  less 
modified  by  temperature. 

Between  i**  and  100°  C.  the  relative  conducting  power  of  the  metals 
remains  the  same ;  at  100°  metals  lose  about  30  per  cent,  of  their 
conductibility  as  compared  with  0°  C.  ;  but  this  varies  with  different 
metals.  Conductivity  is  increased  by  annealing.  Non-metallic  sub- 
stances increase  in  conductivity  as  they  rise  in  temperature.  Water, 
for  example,  when  heated  conducts  better  than  water  cold.  When  a 
current  passes  firom  a  liquid  to  a  solid,  or  vice  versdy  the  resistance  is 
» ciy  great 
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All  Resistance  relative, — No  substances  absolutely  resist  the  passage 
of  electricity ;  even  resin,  glass,  and  sulphur,  tlie  worst  conductors,  do 
conduct  a  slight  current,  as  can  be  proved  by  a  very  delicate  gaJvano 
meter. 

No  perfect  Conductor. — Even  the  best  conductors,  as  copper  and 
silver  and  gold,  are  imperfectly  so  ;  they  all  resist  the  current  more  or 
less. 

This  can  be  shown  with  the  galvanometer,  which,  when  brought  di- 
rectly into  the  circuit,  showr  a  deflection  of  the  needle.  When  short 
wires  of  copper  or  silver  are  interposed  the  deflection  is  lessened. 

If  we  now  comprehend  the  terms  electromotive  force  and  resistafue, 
we  shall  have  no  diflftculty  in  comprehending  the  terra  quantity,  for, 
according  to-  Ohm's  law,  the  quantity  varies  directly  as  the  electro-rao- 
tive  force  and  inversely  as  the  resistance. 

The  quantity  of  electricity  is  the  amount  which  passes  through  the 
circuit  in  any  given  time. 

This  depends,  according  to  Ohm's  law,  on  two  factors — the  electro- 
motive force  and  the  resistance.  The  quantity  varies  directly  as  the 
electro-motive  force  j  and  if  there  were  no  resistance,  quantity  would 
be  precisely  the  same  as  electro-motive  force.  But  the  quantity  varies 
inversely  as  the  resistance,  and  therefore,  to  find  out  what  the  quantity 
of  any  current  is,  we  divide  the  electro-motive  force  by  the  resistance. 
The  fraction  thus  formed  is  the  quantity  or  the  strength  of  the  current^ 
3.5  we  commonly  call  it.  There  are,  as  we  have  seen,  two  kinds  of 
resistance,  that  in  the  battery  and  that  in  the  circuit  outside  of  the  bat- 
tery ;  both  of  these  must  be  taken  into  account  in  estimating  the  relation 
of  the  different  kinds  of  batteries,  and  in  selecting  batteries  for  special 
kinds  of  work.  Let  E  be  the  electro-motive  force,  R  the  resistance 
of  the  circuit  outside  of  the  battery,  r  the  resistance  in  the  battery ; 

then =  Q,  the  quantity  or  strength  of  the  current — the  number  of 

farads  or  measures  of  electricity  that  flow  through  the  circuit  in  a  given 
time.  The  correctness  of  this  mathematical  conclusion  may  be  demon- 
strated on  a  galvanometer  that  has  only  a  short  resisting  wire  ;  one  cell 
will  deflect  the  needle  nearly  as  much  as  one  hundred  cells.  Again, 
when  any  number  of  cells  are  joined  together  with  great  external  resist- 
ance^ such  as  is  offered  by  a  long,  fine  7vire,  or  by  the  whole  human  body^ 
for  example^  the  quantity  of  electricity  that  flows  through  the  circuit 
will  increate  with  the  increase  in  the  number  of  cells. 

There  is  no  inconsistency  between  these  phenomena.  It  is  indeed  a 
part  of  and  a  conclusion  from  Ohm's  law.     Everything  depends  on  th« 
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a/  r^sisfance.  Although  in  this  case,  as  in  the  other,  eadi  added 
1  brings  in  its  own  internal  resistance  that  counterbalances  the  elec- 
tro-motive force,  yet  the  internal  resistance  bears  so  smeUl  a  proportion 
to  the  large  extcnial  resistance  that  the  quantity  of  electricity  flowing 
through  the  circuit  will  be  pretty  directly  proportioned  to  the  number 
of  cells. 

Still  keeping  Ohm's  law  before  us,  we  can  demonstrate  this  mathe- 
matically. 

Let  the  electro-motive  force  of  any  cell  be  lo  volts,  and  the  interna* 
resistance  be  20  ohms,  and  tlie  external  resistance  afforded  by  the 
human  body  io,ooo  ohms.  The  quantity  of  a  single  cell  could  be  thus 
fepresented : 

lo  electoo-motiye  force »o  i 

■D  iatennl  rcsislBDCe,  and  lo.aoo  CBtcmAl  restittnce        io,<no        wcam 

^gain,  we  may  illustrate  tlus  as  follows  : 

One  hundred  cells  are  joined  together  and  the  ends  are  connected 
tiy  a  short  wire.  Let  the  electro-motive  force  of  one  cell  be  10  voits 
or  units  of  electro-motive  force,  then  the  electro-motive  force  of  too 
cells  will  be  1,000  volts.  Let  the  resistance  in  each  cell  be  5  o/trns,  or 
units  of  resistance,  tlien  the  resistance  in  the  100  cells  will  be  500 
ohms.  Let  the  resistance  of  the  short  connecting  wires  be  10,000 
ohms :  now,  in  order  to  find  the  number  of  farads  of  electricity — that 
is,  the  quaj^tity  or  strength  of  the  current  that  flows  through  the  con- 
necting wire — divide  tht  electro-motive  force  by  the  resistance,  and  we 
have  this  fraction : 

t,cxx>  cIcdTO-motive  (broo  1,000 


M^ooo  fftuttnoc  of  wire,  and  500  ret»Duioe  of  battery        icssoo 

This  fraction  reduced  =  /j-,  a  little  more  than  -^  whidi  fraction  rep- 
resents the  quantity  of  electricity  that  flows  through  the  wire. 

We  may  illustrate  this  law  by  supposing  a  current  of  water  passed 
througb  an  ordinary  syringe.  The  quantity  of  water  that  flows  through 
the  tube  will  be  directly  proportioned  to  the  force  with  which  it  is 
urged  forward  by  the  piston  ^  this  force  would  correspond  to  electro- 
)•  motive  force.  The  friction  will  correspond  to  the  internal  and  ex- 
tcnial resistance  of  the  battery.  Now  if  we  divide  the  one  by  the 
other,  we  have  the  quantity  of  water  which  in  a  given  time  flows 
through  the  tube,  or  the  strength  of  the  current.  In  this  way  we  can 
fcid  ii>e  number  of  cubic  inches  of  water  that  flow  through  the  tube  in 
a  second  of  time,  just  as  we  can  find  the  number  of  farads,  or  units  of 
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(]uaiuity  of  electricit)',  that  flow  through  a  circuit.  It  follows  from  aP 
this,  of  course,  that  if  the  electro-motive  force  be  very  greatly  in- 
creased, the  resistance  being  the  same,  the  quantity  must  be  increased  ; 
but  if  the  resistance  be  increased  in  proportion  to  the  increase  of  the 
electro-motive  force,  the  quantity  will  not  be  any  greater. 

Absolute  Quantity  and  Actual  Quantity, —AX  also  follows  that  the 
absolute  quantity  of  any  battery — the  amount  that  it  is  capable  of 
generating — may  be  very  much  greater  than  the  actual  quantity  thai 
it  sends  through  a  circuit.  Everything  depends  upon  the  resistance^ 
whether  it  be  small  or  great 

Relation  of  Quantity  to  Electro-therapeuties. — It  is  important  to  know 
how  to  ascertain  the  quantity  of  electricity,  for  nearly  all  of  the  lead- 
ing actions  of  electricity  depend  on  quantity.  It  is  quantity  that 
deflects  the  needle  of  the  galvanometer,  and  quite  accurately  mea- 
sures the  current  that  passes  through  the  wires  that  surround  the 
needle.  It  is  quantity  that  decomposes  chemical  substances,  as  water, 
salts,  the  human  body,  etc.  Hence,  electrolytic  operations  largely 
depend  on  the  quantity  of  electricity  that  flows  through  the  tissues 
acted  on.  It  is  quantity  that  accomplishes  much  of  the  therapeutical 
effect  of  the  dififerent  forms  of  electrization — although  tension  alone, 
witli  very  small  quantity,  may,  as  in  the  case  of  frictional  or  frank- 
linic  eleclricity,  be  capable  of  therapeutical  effects.  Franklinic  elec- 
tricity, however,  relieves  and  cures  disease  by  changing  the  electrical 
condition  of  the  patient,  by  giving  a  positive  or  a  negative  charge, 
more  than  by  the  passage  of  the  current  through  the  body,  and  the 
consequent  electro-tonic  and  chemical  changes.  Ordinary  faradic  or 
galvanic  electricity,  on  the  other  hand,  does  not,  as  many  suppose, 
charge  the  patient  with  electricity,  and  does  not,  by  its  direct  action, 
leave  any  more  electricity  in  the  body  than  it  finds  there.  If  they 
increase  or  diminish  the  natural  electricity  of  the  body,  it  is  indirectly 
through  the  effect  of  quantity  of  electricity  passing  through  the  tissues 
and  improving  nutrition. 

Under  this  head  come  these  important  practical  conclusions : 

First,  If  any  large  number  of  cells  every  way  similar  are  joined  in 
a  SHORT  CIRCUIT  by  large  connecting  wires,  and  without  any  other  ex- 
ternal resistance y  there  will  be  no  more  quantity  of  electricity  flowing 
than  if  a  small  number  of  similar  cells  were  so  joined. 

Although  each  additional  cell  increases  the  electro-motive  force,  yet 
it  also  increases  the  resistance,  as  we  have  already  seen,  and  this  in- 
crease of  resistance  will  counterbalance  the  increase  of  electro  njotive 
ibrce,  so  diat  the  quantity  of  electricity  that  flows  through  the  circuit 
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•rill  be  about  the  same.  Ohm's  law  will  demonstrate  this  mathemati- 
cally. Let  the  electro-motive  force  of  any  cell  be  lo  volts,  oi  units  of 
electro-motive  force,  and  the  resistance  of  each  cell  be  20  ohms,  01 
imits  of  resistance,  and  the  resistance  of  the  short  wire  2  ohms. 
Dividing  the  electro-motive  force  by  the  resisLxnce,  we  have  for  a  single 
cell  il  +  ,  =  ^  =  |ii-  =  the  quantity  that  one  cell  sends  through 
the  circuit 

Now  let  there  be  50  similar  cells,  and  our  fraction  will  be  i4  ^  H 
=  tVW  +  1  =  iVoV  ~  Hf  ~  ^  fraction  that  varies  very  slightly  in 
value  from  ■^.  Let  there  be  1,000  cells,  and  wc  have  this  fraction; 
H  X  mi  =  mU  4-  ,  =  Hm .  The  resuU  still  differs  but  slighUy 
from  those  previously  obtained. 

Secondly.  Large  cells  connected  by  great  external  resistance^  as  the 
htman  bgdy^  or  a  galvanometer  with  a  long  resistance-coil,  do  not  send 
more  quantity  of  electricity  through  that  external  resistance  than  similar 
s$nall  cells. 

The  electro-motive  force  of  large  cells  is  no  greater  than  that  of  simi- 
lar small  cells,  as  we  have  already  seen.  The  resistance  is  less  because 
the  surface  of  the  plates  is  greater,  and  the  greater  the  section  the  less 
the  resistance,  as  has  already  been  shown.  But  the  little  advantage 
thus  gained  from  large  cells  by  a  diminution  of  resistance  bears  so 
small  a  proportion  to  the  great  external  resistance  of  the  human  body» 
or  of  a  very  long  wire,  that  the  quantity  of  electricity  actually  sent 
through  the  circuit  will  not  be  materially  increased — at  least  by  any 
reasonable  number  of  cells. 

Here  again  Ohm's  law  comes  to  our  assistance,  and  fortifies  out 
statement  by  a  rigid  mathematical  demonstration.  Let  us  suppose  a 
batter)'  of  100  smail  cells.  Let  the  electro-molive  force  of  each  cell 
be  10  volts-  Let  the  internal  resistance  of  each  cell  be  20  ohms. 
Let  the  external  resistance  of  the  human  body,  through  which  the  cur- 
rent is  to  be  made  to  pass,  be  10,000  ohms.  Now,  by  Ohm's  law,  to 
find  the  quantity  of  electricity  that  flows  through  the  human  body  wheD 
enclosed  in  the  circuit,  we  divide  the  electro-motive  force  by  the  inter- 
Dal  and  external  resistance,  as  follows : 


too  rt   \o—  loco 


ta^aoo  (fijocrnal  raiituieeX  «  too  k  ao  =  sooo  (totenial  rcfubwoe)       xkw       tw       n 

Let  us  now  suppose  100  similar  very  large  cells.  The  electro 
motive  force  would  be  the  same,  the  external  resistance  would  be  the 
tame.  But  the  i«/<r«<j/ resistance  of  the  battery , would  be  less  be- 
cause the  surface  is  greater. 
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By  a  law  previously  explained,  the  resistance  varies  im^ersely  as  tkt 
square  of  the  section,  for  convenience  sake,  we  will  suppose  the  re- 
distance  of  the  large  cell  to  be  ^  that  of  the  small  ones — that  b*  2— 
•nd  Ohm's  law  will  give  us  the  following  fraction : 


ioo  «  10  =  moo  (etcctrn-ioooyc  tmv«) 
ie,ooD  (extental  resistance)  too  k  a  =  aa 


ough 


— a  fraction  that  is,  it  is  true,  a  little  larger  than  -j^  but  nc 
be  worth  considering. 

The  same  truth  may  be  shown  by  a  galvanometer  that  has  a  long 
resistance-coil.  If  the  fluid  be  raised  just  a  little,  so  that  elements  are 
just  immersed  and  tlie  poles  are  connected  with  such  a  galvanometer, 
a  certain  deflection  of  the  needles  will  take  place,  according  to  tlie 
number  of  cells ;  if  now  we  raise  the  fluid  still  higher,  so  that  all  the 
elements  are  immersed,  and  four  or  five  times  as  much  surface  is 
brought  into  action  in  each  cell,  the  needles  will  not  be  much  more 
deflected,  but  will  remain  at  nearly  the  same  point  where  it  was  when 
the  elements  were  first  immersed.  This  is  an  experiment  that  we 
have  made  repeatedly. 

For  the  galvanometer  substitute  the  human  body  from  the  hand  to 
the  legs,  and  wc  can  understand  the  great  fact  that  large  cells  do  not 
•end  more  quantity  of  electricity  through  the  body  than  smali  cells  of 
similar  character, 

I'rom  all  these  demonstrations  wc  see  that  it  is  with  electricity  as 
with  money — the  absolute  quantity  that  any  man  may  gire  may  be  a 
very  small  fraction  of  the  a<tuai  quantity  that  he  can  be  made  to  give. 
A  millionaire  has  a  far  greater  quantity  of  money  than  one  who  has 
only  a  thousand  doUars,  but  the  one  may  not  give  a  dollar  any  easier 
than  the  other.  Under  great  pressure  the  millionaire  may  give  a 
thousand  times  more  than  the  poor  roan,  just  as  a  battery  of  Urge  ceUs 
may,  before  small  resisunce,  send  a  very  macfa  larger  quantity  of  elec- 
tiidty  than  a  similar  battery  of  smaU  cells ;  but  when  there  is  great 
f  abtuice  h  may  send  very  httle,  ff  any,  more. 

In  elednKdMnpeutics,  as  in  lelegn^ihy,  electrometallurgy,  and 
other  uses*  laij^  oeUs  have  this  advant^^  dut  tJuy  last  linger  asU 
do  mM  rwfmJM  mfrtfmtnt  dtmmmg  mmdJUUmg, 

AUMMigli  they  caaoot  in  a  given  time  sen^l  tbro«^  the  human  body, 
or  NCif  iMMa  01  nuu,  s&y  more  <|anDutj  oi  cletti  kH^  tban  small  cells, 
yet  dKtr  reserve  quantity  b  modi  greater,  and  in  propmtioo  to  »hcii 
sbe  Mry  wHi  k»H  mti  Umftr  smd  ktep  mp  •  ««rv  umiftrm  mrratt. 
The  poor  OMn  oMjr  give  tre  dollan  as  easily  as  the  millionaire,  but 
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«»der  great  pressure  the  millionaire  can  keep  on  giving  out  five  dollars 
long  after  the  resources  of  the  poor  man  are  exhausted. 

Large  cells  may,  for  electro-therapeutical  purposes,  have  the  advan- 
tage of  steadiness  of  current ;  there  would  appear  to  be  less  fluctuation 
in  the  strength  of  the  current  from  moment  to  monr-nt  tlian  when  the 
cells  are  small. 

In  small  cells  the  degree  of  the  internal  resistance  and  the  extent  of 
the  chemical  action  may  vary  more  or  less  from  moment  to  moment, 
owing  to  the  polarization  of  the  elements  and  the  deposition  of  the 
salts  in  the  solution.  This  fluctuation  is  most  marked  in  batteries 
where  the  action  is  very  energetic.  Small  single  cells,  especially  the 
zinc-carbon  batteries,  lose  much  of  their  power  during  a  long  opera- 
don.  The  fopular  notion  that  large  celts  have  a  therapeutic  advan- 
tage over  small  cells  by  sending  a  larger  quantity  of  electricity  through 
ike  body  iSy  in  the  light  of  Ohm's  law^  as  well  as  in  the  light  of  expe- 
rieiue,  erroneous. 

Thirdly.  For  the  electro-chemical  decomposition  of  water,  salts,  and 
At  human  body  {electrolysis),  a  considerable  number  of  cells  of  medium 
tiUf  neither  very  large  nor  very  small,  and  in  which  the  chemical  action 
is  powerful,  are  required. 

The  resistance  of  the  limited  portion  of  the  human  body  usually 
submitted  to  electrolytic  operation  is  great,  though  not  so  great  as  that 
of  the  whole  body ;  and  as  we  have  seen,  before  a  great  resistance, 
ytry  large  cells  give  no  greater  quantity  in  a  given  time  than  cells  of 
moderate  size.  If  the  cells  are  too  small,  however,  they  will  soon 
become  exhausted.  For  electrolytic  operations,  the  ordinary  zinc-car- 
bon or  Walker's  batteries,  as  manufactured  in  this  country  by  the  Gal- 
vano-faradic  Manufacturing  Co.,  Kidder  and  others,  answer  very  ex- 
cellently most  of  tlie  purposes  of  electrolysis.  They  have  more  electro- 
motive force  than  Smee's  elements,  and  although  not  as  enduring,  they 
yet  give  a  greater  quantity  of  electricity  for  a  sh^rt  time,  which  is  of 
course  the  great  requisite  in  electrolytic  operations.  The  resistance 
of  the  skin  is  viery  great,  but  in  electrolysis  the  needles  go  beneath  the 
akin,  and  arc  placed  near  each  other.  The  resistance  is  very  much 
less  than  in  external  applications  when  the  electrodes  are  far  apart ; 
hence  it  is  an  advantage  in  electrolysis  to  have  cells  of  good  size, 
though  not  of  the  largest. 

Fourthly.  When  a  short  platinum-wire  in  a  short  circuit  is  to  bi 
keated,  as  in  galva no-cautery  operations,  a  very  few  large  cells  or  a 
tingle  very  large  cell  is  preferable  to  a  large  number  of  small  cells. 

This  fact  has  long  been  practically  recognized,  and  all  the  battericf 


ELECTRO-PHYSICS. 


for  gidvano-cautery  operations  ire  constructed  on  this  principle.  The 
reason  for  this  is  not  so  well  understood ;  Ohm's  law  gives  us  the  ex- 
planation. 

riatinum-wire,  though  it  resists  the  current  very  powerfully  as  co[n> 
pared  with  silver  or  copper  wire,  yet  offers  a  very  smiU  resistance  as 
compared  with  water  or  Ihe  human  body,  or  very  long  wire  of  any  kind. 
Hence,  in  the  galvano-cautery  instruments,  the  external  resistance  is 
small,  being  not  very  much  greater  than  the  internal  resistance  of  the 
batteries,  perhaps  not  so  great.  Now,  before  a  large  external  resist- 
ance— the  human  body,  or  very  long  coils  of  wires — the  surface  of  the 
elements  is  used  to  the  best  advantage  when  cut  up  into  small  cells ; 
before  a  small  resistance,  the  surface  of  the  elements  is  used  at  the 
best  advantage  when  cut  up  into  a  few  large  cells,  or,  if  the  external 
resistance  be  very  slight  indeed,  a  single  large  cell  will  be  belter  j  for 
we  have  previously  shown  that,  in  a  short  circuit,  one  cell  gives  as 
much  quantity  of  electricity  as  one  hundred,  or,  indeed,  any  number  of 
cells. 

Let  us  suppose  loo  small  cells  ;  let  each  cell  have  an  electro-motive 
force  of  lo  volts  and  a  resistance  of  20  ohms.  Let  there  be  enclosed 
in  a  circuit  the  human  body,  or  a  very  long  coil  of  fine  wire,  that  gives 
a  resistance  of  10,000  ohms.  Then,  according  to  Ohm's  law,  we  have 
the  following  fraction  : 


too  M  to  =  too©  d«ctro-rootive  force 


(0,000  external  resittanoo  too  n  ao  =  aooo  intental  resftsace 


which  represents  the  quantity  of  electricity  that  flows  through  the 
circuit.  Suppose  now  one  eeU  of  the  same  character,  but  very  much 
larger,  sends  a  current  in  a  short  circuit — through  a  short  platinum- 
wire,  such  as  is  used  in  the  galvano-cautery  for  cauterizing  surfaces. 
SupiHJse  the  external  resistance  of  this  short  circuit  be  9  ohms.  The 
electromotive  force  of  the  large  cell  is  no  more  than  that  of  the  small 
cell ;  the  internal  resistance  of  the  battery  is  very  much  less,  for,  as  we 
have  seen,  the  resistance  diminishes  as  the  surface  increases.  For 
convenience  sake,  we  will  suppose  the  internal  resistance  of  the  large 
to  be  |>^  that  of  the  snjall  cell — that  is,  1.  Now,  dividing  the  electro- 
motive force  by  the  resistance,  according  to  Ohm's  law  we  have  this 
result : 

10  WBCtl9<BMI0M  HflOt 


I 


t  viWimI  raiwiiiiri  *  x  ulmal 


dte  quantity  of  electricity  that  flows  through  the  circuit,  «ir  twelve  timei 
as  much  as  with  too  small  oelb. 
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Suppose  now  this  one  large  cell  be  connected  hy  ^  long  and  Jim 
platinum- wire^  such  as  is  used  in  the  removal  of  tumors  by  galvano- 
cautery  operations.  The  resistance  will  of  course  be  greater,  for  two 
reasons,  because  the  wire  is  longer  and  because  it  is  finer ;  for  the  law 
is,  the  less  the  surface  or  section  the  less  the  resistance. 

Suppose  the  resistance  be  19  ohms.  Dividing  the  electro-motive 
ibrce  by  ihe  resistance,  we  have — 


I 


TO  clectTD-molive  forpe 


19  ezttmAl  retittancc  4-  i  inieraal  reaiitanoe  ' 


is,  one-half  the  quantity  of  electricity  that  there  was  7vhen  a  short 
J>latinum-wire  was  in  the  circuit.  Very  likely  this  would  not  be 
enough  to  heat  the  wire  and  keep  it  hot  during  a  long  operation. 
This  law  comes  to  our  rescue,  and  helps  us  out  of  this  as  of  so  many 
other  difficulties.  Cut  up  the  one  large  cell  into  two  cells,  and  inter- 
pose the  long  fine  platinum-wire  in  the  circuit  The  electro-motive 
force  will  be  doubled,  the  external  resistance  will  be  the  same ;  but 
the  internal  resistance  will  be  greater  because  the  surface  is  diminished 
IK^-iding  the  elcctro-raotive  force  by  the  resistance,  our  fraction 
stands  thus : 


k 


90  d^tjv-oiocyc  fbvoc 


19  cggnal  reaUtwsee  4-  4  ineenial  r«is&ae«      aj 


which  is  nearly  double  the  quantity  of  electricity  sent  through  the  long 
wire  by  a  single  cell.  Thus  is  explained  the  fact  that  the  best  galvano- 
cautery  batteries  are  arranged  so  as  to  be  thrown  into  one  large  cell, 
or  cut  up  into  several  cells,  according  as  a  short  or  long  wire  is  to  be 
heated. 

//  has  been  found  by  experiment  that  the  heat  developed  by  the  current 
in  any  wire  is  proportioned  to  the  squares  of  the  quantity  of  electricity 
thatjSows  through  it. 

This  is  demonstrated  by  passing  a  current  through  platinum-wires  in 
«  bottle  of  alcohol  The  heat  is  communicated  to  the  alcohol,  and  the 
thermometer  shows  the  temperature.  It  is  found  if  a  current  of  a  cer- 
Uun  quantity  raises  the  temperature  lo,  a  current  of  twice  that  strength 
will  raise  it  40. 

Again^  it  is  found  by  experiment  that  the  heat  developed  by  the  cur^ 
rent  in  any  wire  is  proportioned  to  the  resistance  of  the  wire. 

This  is  demonstrated  with  the  arrangement  just  described,  by  insert* 
tng  a  rheostat  whose  resistances  are  known,  so  as  to  keep  the  quantity 


so 
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of  electricity  constant  at  a  fixed  point,  and  then  inserting  pladnom 
wires  of  different  lengths  into  the  bottle. 

From  all  this  it  follows  that  batteries  for  galvano-cautery  should 
have  large  surfaces  and  a  small  number  of  cells,  and  that  they  should 
be  arranged  so  that  the  surface  may  be  used  as  one  or  two  cells,  or 
cut  up  into  four  or  sue,  according  as  short  or  long  wires  are  to  be 
heated. 

Fifthly.  It  follows  thai  the  dose  of  an  electrical  application  cannot 
be  accurately  described  by  stating  the  number  of  cells  and  the  length  of 
the  sitting. 

This  conclusion  is  an  important  one,  and  for  want  of  a  knowledge  of 
it  electro-therapeutists  continually  blunder. 

Supposing  now  that  we  are  treating  a  patient  locally  or  centrally  by 
the  galvanic  current,  and  we  desire  to  transfer  the  patient  to  another 
physician.  We  inform  the  physician  to  whom  the  transfer  is  made,  tlxat 
we  are  treating  the  patient  with  ten  cells  for  ten  minutes,  and  we  desire 
that  he  should  continue  to  give  the  same  dose.  In  the  light  of  Ohm's 
law,  let  us  see  what  such  instructions  are  really  worth.  The  quantity 
of  electricity  that  passes  through  the  patient  in  a  minute  is  equivalent 
to  the  electro-motive  force  divided  by  the  resistance  ;  multiply  the  quo- 
tient thus  obtained  by  ten,  and  we  have  the  dose  of  electricity  that  the 
patient  receives  in  ten  minutes.  If,  now,  all  the  factors  that  determine 
the  electromotive  force  and  the  external  and  internal  resistance  were 
constant  and  were  accurately  known,  and  if  they  were  the  same  for  all 
batteries  and  all  modes  of  application,  then  the  dose  thus  ordered 
would  be  a  mathematical  one,  and  could  be  mathematically  followed. 
No  forms  of  error  are  so  erroneous  or  so  illusory  as  those  tliat  approach 
us  under  cover  of  facts  and  figures.  In  our  very  attempt  to  be  accurate 
we  stumble  into  gross  inaccuracy.  Had  we  left  the  whole  matter  to  the 
judgment  of  the  physician,  with  some  general  suggestions  as  to  the  sus- 
ceptibility of  the  patient,  we  should  have  come  far  nearer  the  truth,  ai 
will  be  apparent  by  the  following  considerations. 

The  electro -motive  force  varies  in  different  batteries,  and  in  the  same 
battery  at  different  times.  Grove's  battery,  for  example,  has  four  timet 
the  electromotive  force  of  Smee's  battery  in  action,  and  twice  the  elec 
tro-motive  force  of  zinc  and  copper,  or  Daniell's  battery.  Then,  again,, 
the  electro-motive  force  will,  in  some  batteries,  as  Smee's  or  Walker's, 
fail  off  during  an  application ;  and  in  all  batteries,  however  constructed, 
the  elec  tro-motive  force  varies  at  different  times,  firom  causes  not  yet 
determined. 

But  the  electro-motive  force  is  constancy  itself  in  comparison  witK. 
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Che  variations  of  the  internal  and  externa]  resistances.  Beginning  with 
the  internal  resistance,  we  find  that  for  a  Grove's  cell,  containing  one 
pint  of  liquid,  it  is  very  small,  less  than  one  ohm ;  for  a  Daniell's  cell, 
5  to  15  ohms,  and  for  a  Sniee's  cell,  less  than  one  ohm.  The  internal 
resistance  varies  with  the  size  and  shape  of  the  cell,  the  distance  of  the 
plates  from  each  other,  and  with  the  length  of  time  that  the  battery  is 
in  action.  Even  if  the  electromotive  force  and  external  resistance 
were  accitrate  and  constant,  the  variations  in  the  internal  resisl&nce 
would  be  sufficient  to  vitiate  all  attempts  at  prescribing  electricity  by 
the  number  of  cells. 

But  it  is  in  the  external  resistance  that  we  find  the  greatest  variation, 
oncertainty,  and  inconstancy  in  applications  of  electricity  to  the  human 
body.     The  external  resistance  depends  on  the  following  factors : 

1st-  The  size  and  construction  of  the  wires  that  connect  the  battery 
with  the  electrodes.  The  larger  the  section  the  less  the  resistance, 
and,  therefore,  large  wires  will  conduct  more  than  small  ones.  A  cer- 
tain conventional  size  is  manufactured  by  each  instrument-maker,  but 
the  sizes  vary  with  different  makers. 

2d.  The  size  and  shape  of  the  electrode.  Up  to  a  certain  point, 
var^nng  with  the  number  of  cells,  a  large,  broad  electrode  will  conduct 
more  than  a  small  and  narrow  one.  A  metallic  electrode  conducts 
very  much  bettor  than  a  sponge ;  flannel  conducts  much  better  than 
sponge,  but  worse  than  metal.  The  difference  in  the  conducting  power 
of  metal,  si)onge,  and  flannel,  is  great.  A  current  which  is  painful  when 
applied  by  a  metal,  and  is  quite  perceptible  when  applied  by  a  flannel 
or  chamois,  is  not  felt  at  all  when  applied  by  a  sponge.  The  painful 
ness  of  an  application,  it  is  true,  does  not  depend  on  the  amount  of 
electricity  tliat  passes,  but  is  also  modified  by  the  extent  to  which  the 
current  is  diffused.  This  would  depend  on  the  action  of  the  electrode. 
With  the  same  current  passing,  the  hand  of  the  operator  would  proba^ 
bly  be  less  irritating  than  a  sponge  or  flannel 

3d.  The  quantity  and  quality  of  the  liquid  used  to  moisten  the  elcc- 
Uodes.  Electrodes  that  are  perfectly  dry  conduct  but  little,  at  least 
with  currents  of  the  tension  used  in  electro-therapeutics.  Electrodes 
Iha:  are  wet  with  warm  water  conduct  better  than  those  that  are  wet 
with  cold  water  ;  and  those  that  are  wet  with  warm  salt-water  conduct 
best  of  all.  Tlie  difference  in  the  conductivity  of  a  sponge  wet  with 
simple  cold  water  and  one  wet  with  warm  salt-water  is  so  great  that  a 
current  which  is  not  felt  when  applied  by  the  former,  becomes  unbearable 
when  appHed  by  the  latter. 

4th.  The  amount  of  pressure  that  is  used  on  the  electrodes.     If  the 
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t  tfmigc  is  W^iAf  presigd  il  * 


I  bat  itde;  «ad  its  conductiyky 


mcpeaats  with  die  presnre^  I'Bm  fveanre  awOTtcas  the  skta  marc 
thoroo^y,  and  dins  increases  hs  ooadDdxritf  ,  sod  at  die  same  time  it 
fanags  into  nafwaiinti  all  pons  of  the  ipo^g^  so  that  it  l>ecomrs  wdl 
flBtarated. 

Stfa.  The  positioB  and  extent  of  the  bodj-  indnded  between  the  elee- 
nodes.  Ihfes  factor  is  a  most  iaipoftant  oae^  and  it  has  been  anac- 
c— Blably  oygJMjfced  in  all  diw iisaaiiis  on  tbis  snfajccL  TbedDnexenoe 
aa  die  ftMiAMtitilj  of  tfae  booes  and  soft  tisBnes  is  all  ibe  dtfcrcDoe 
between  twcntj  and  ooe^  and  in  all  paits  tfae  condoctryj^  is  modified 
bf  a^  bf  tea^terament,  and  bjr  (fiscase.  The  resislance  of  the  wbole 
bodjr,  from  one  band  to  the  otber  tbnaich  die  sbodders,  is  aboot  seven 
or  eight  taacs  the  lesiitanoe  of  the  Atlantic  cables  and  the  resistance  of 
tfae  wbole  length  of  the  body,  from  the  hod  and  shocdders  to  the  feet, 
is  probabljr  greater  than  thai.  Bat  die  irwlance  of  any  hawtrd  portion 
of  Ifae  body,  as  dM  bead,  or  simie,  or  cervical  sy8^tttbetic  and  poeii- 
uioyauic.  or  iadhridaal  aattdes  or  nerves^  mast  be  only  a  fracdooal 
part  of  tfae  resistance  of  tfae  wbole  body.  Other  umditions  being  the 
same,  the  Bearer  the  electrodes  are  to  each  odier  the  less  tfae  resistance. 
This  ai^  be  amriilrd  by  aa  i  ■iii'ijaii  1  dwt  »e  hare  ftaqaentiy  tried. 
ff  one  efedsode  be  pat  ia  tfae  vagiaa  and  the  olher  ia  the  nctaai,  a  cor> 
rent  of  bot  two  or  foor  cells  may  be  paisMly  felt;  bat  if  one  of  the 
electrodes  is  placed  externally  on  the  back  or  hypogastriam,  a  cmTc»t 
of  a  doaen  or  nMMeoe&s  may  be  scarcdy  perceived.  The  same  experi- 
OKot  Duy  be  tried  oo  the  back  ;  pladng  one  pole  on  tfae  nape  of  the 
neck  and  tfae  other  at  the  lower  end  of  tfae  spia^  a  caixent  that  is  jost 
peiceptibie  at  first,  as  the  electrodes  approach  each  odier  becomes 
positively  nabearafale. 

6th.  The  length  of  the  appHcatioa.  When  the  galranic  onrrent  ia 
fint  applied  to  the  body  by  wet  sponges,  bat  little  scnsatioQ  is  experi- 
enced on  the  skxn ;  bat  in  die  coarse  of  a  few  seccnds  a  boraing  pain  is 
fi^  that  increases  with  tfae  length  of  die  appbcatioo.  Tbb  is  explained 
in  part  by  the  dkrmiral  chaises  that  take  place,  and  in  part  by  the  fiict 
Chat  as  the  skin  beuuaies  more  and  more  moistened  1^  the  pressure  of 
tfae  wet  spoc^e,  and  tfae  skin  voder  the  ckictiode  bccoaics  more  and 
more*  congested,  die  resistance  b  <fiminished.  Conseqaently,  toward 
the  dose  of  even  a  very  short  application,  oBOre  eleUikity  passes,  all 
odier  condirions  beiag  the  same;  than  at  tfae  brgjaning.  On  this 
accoanr  it  freqoendy  becomes  neoeasaij  to  ledaoe  tfae  nomber  of  cells 
daring  tfae  sitting  especially  when  the  electrodes  ate  kept  all  the  time 
am  one  spec    Thus  it  becooses  dear  that  any  attempt  to  prescribe  thr 
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4k>sc  of  electricity  by  the  number  of  cells,  in  ordinary  external  applica* 
tions  to  the  body,  must  fail  of  its  object  In  electrolysis,  where  the 
needles  arc  always  united,  near  to  each  other  and  under  the  skin,  the 
chances  for  error  are  not  so  great,  since  there  is  much  less  variation  in 
the  resistance.  If,  in  describing  an  electrolytic  operation,  we  specify 
the  kind  and  number  of  cells  used,  and  the  mode  and  length  of  opera- 
tion, we  convey  a  tolerably  correct  idea  of  what  was  really  done.  The 
tbne  may  come  in  the  advance  of  science,  after  physiology  shall  have 
found  its  Newton  to  reduce  its  present  chaos  to  order  and  law,  when 
it  shall  be  possible  to  prescribe  so  many  farads  of  electricity,  repeated 
three  times  a  week,  as  we  now  prescribe  so  many  grains  of  bromide  of 
potassium,  or  so  many  drops  of  laudanum,  repeated  three  times  a.  day ; 
but  for  the  present  we  can  rest  assured  that  when  we  describe  the  cur^ 
rent  that  we  employ  as  mild,  or  medium^  or  strongs  and  have  stated  the 
method  and  length  and  frequency  of  application,  we  have  attained  all 
the  accuracy  that  science  will  allow. 

Although  the  above  statements  have  reference  only  to  the  galvanic 
rurrent,  they  just  as  truly  apply  to  the  faradic  ;  for  induced  as  well  as 
galvanic  electricity  is  subject  to  the  law  of  Ohm.  One  difference,  how- 
ever, should  be  noted,  that  on  accoimt  of  the  slighter  chemical  action 
of  the  faradi'.  current  ^e  resistance  of  the  skin  beneath  the  electrodes 
does  not  diminish  with  the  length  of  the  application.  For  the  above 
reasons  the  graduated  scales  that  accompany  some  of  the  faradic 
machines  for  electro-therapeutics  are  of  but  little  practical  value. 

Finally,  Ohm's  law  explains  the  fact  of  observation,  that  when  the 
poles  of  a  galvanic  battery  are  metallically  connected,  the  chemical 
action  in  the  battery  is  greatly  increased  and  the  plates  rapidly  de- 
ftroyed.  The  metals  being  better  conductors  than  the  body,  conduct 
a  much  greater  quantity  of  electricity ;  and  as  the  potential  quantity  of 
electricity  that  any  battery  is  capable  of  generating  is  limited,  then 
when  the  resistance  between  the  poles  is  least,  the  action  must  be 
•trongest,  and  the  metals  the  most  rapidly  consumed  Neglect  in  thit 
regard  causes  the  preraatxire  destruction  of  many  batteries. 
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CHAPTER  I. 

■SLATION   OF    ELECTRO-PHYSIOLOGY  TO    ELECTRO-THERAPEUTICS — 
ANIMAL   ELECTRICmr. 


Electro-physiology  is  thj  science  which  treats  both  of  the  laws  of 
tiumal  electricity^  and  also  of  the  phenomena  produced  by  the  action,  of 
tUctritity  on  the  body  in  health.  We  propose  to  present  this  subject 
as  compactiy  as  possible,  and  consequently  shall  speak  only  of  those 
(acts  that  are  necessary  for  a  true  appreciation  of  the  science,  and 
chiefly  of  those  that,  directly  or  indirectly,  have  a  practical  bearing  on 
electro-therapeutics. 

Importance  of  a  Knowledge  of  Electro-physiology  to  the  Electro-thera- 
peutist.— It  is  of  course  possible  to  use  electricity  successfully  in  thera- 
peutics without  any  thought  of  its  physiological  action,  and  thousand* 
have  so  used  it  It  is  possible  to  relieve  pain  of  almost  every  variety, 
and  to  cure  any  of  the  curable  forms  of  pai-alysis,  without  understanding 
anything  of  the  action  of  electricity  on  nutrition  or  on  the  normal  mus- 
cle. Any  old  countr>'  granny,  the  stupidest  of  nurses,  an  infant  even, 
can  hold  two  sponges  on  a  part  of  the  surface  of  the  body,  and  let  the 
current  run.  Those  who  aim  no  higher  than  this — the  indiscriminate 
holding  of  electrodes  on  patients — need  give  no  thought  to  electro- 
physiology  ;  need,  indeed,  waste  no  time  on  this  or  on  any  other  work  of 
electro-therapeutics  :  they  do  not  even  need  to  trouble  themselves  with 
the  details  of  the  applications,  but  have  simply  to  delegate  them,  with- 
out reserve,  to  the  nearest  nurse  or  clodhopper.  Those,  we  assert,  who 
aim  no  higher  than  this  vrill  fall  short  of  even  that :  their  success  in 
relieving  symptoms  by  electrization  will  be  so  capricious  and  illwsory, 
that,  in  time,  they  will  abandon  the  attemptt  allow  their  battery  to  grow 
rusty  in  the  garret,  and  thenceforth  they  will  condemn  and  despise  sci- 
entific and  successful  electro-therapeutists. 

The  electro-therapeutist,  above  all  others,  should  start  out  under  the 
inspiration  of  the  motto  of  the  late  President  Dwight :  *•  Aim  high,  for 
you  will  be  sure  to  come  short  of  your  aim."  To  apply  electricity  afte* 
the  niaiuier  of  nurses  and  "  rubbing  docto'-s,"  is  not  using  it,  but  abuv 
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Those  who  aspire  to  mastership  in  electro-therapeutics  will  not  be  cor* 
tent  with  the  mere  attempt  to  relieve  synTptoms  ;  they  will  seek  to  study 
those  most  complex  and  subtle  diseases  for  the  treatment  of  which  elec- 
tricty  is  indicated  ;  they  will  resort  to  this  force  for  diagnostic  as  well  as 
therapeutic  aid  ;  they  will  strive  to  know  not  only  how  to  use  it,  but,  what 
is  more  difficult,  how  not  to  use  it.  He  only  can  reap  the  full  and  rich 
harvest  of  electro-therapeutical  science  and  art  who  sows  beside  all 
waters ;  he  must  become  more  or  less  proficient  in  neurology,  in  electro- 
physics,  and  in  electro-physiology.  He  who  has  a  knowledge  of  the 
laws  of  animal  electricity,  and  the  actions  and  reactions  of  franklinic, 
galvanic,  and  faradic  electricity  on  the  brain,  spinal  cord,  and  sympa- 
thetic ;  on  the  nerves  of  motion  and  of  common  and  special  sense  ;  on 
voluntary  and  involuntary  muscles ;  on  the  skin,  and  on  all  the  variouj 
passages  and  organs  of  the  body  in  health,  and  also  of  the  electro-con- 
ductivity of  the  body,  will  find  the  paths  of  electro-diagnosis  and  of  elec- 
tro-therapeutics illumined  at  every  step  by  such  knowledge,  and  will,  in 
the  end,  make  more  correct  inteqiretations  of  disease  than  he  who 
merely  holds  electrodes  on  patients  withouit  any  higher  aim  ;  and  more 
than  that,  he  will  be  introduced  into  a  field  of  thought  and  experiment — 
a  field  surpassingly  rich  and  fruitful,  and  Ipng  in  close  relation  to  all 
departments  of  physiolog)',  of  pathology,  and  of  biology,  where  he  can 
study  science  for  its  own  sake,  without  regard  to  its  iirunediate  practical 
value. 

In  the  above  remarks  we  do  not  wish  to  be  understood  as  subscrib- 
ing to  the  notion,  quite  popular  among  some,  that  electro-therapeutics 
must  be  based  on  electro-physiology  ;  very  far  from  it :  the  two  sciences 
are  closely  related  and  are  of  reciprocal  assistance,  but  one  is  not  built 
up  on  the  other.  Neither  are  exact  sciences,  and  may  never  become 
such.  Patholog)',  though  it  is  but  "  the  shady  side  of  physiology,"  yet 
so  comiiltcates  therapeutics  that  electro-physiology  cannot  become  a 
reliable  basis  for  electro  therapeutics.  The  two  sciences  are  pursued 
mainly  by  different  methods:  dlectro-physiology  is  a  science  of  experi- 
ment; electro-therapeutics  is  a  science  of  experience. 

Electro-physiology  largely  Studied  by  Experiments  on  the  Livitg  Hu' 
man  Subject. — An  advantage  of  great  import  to  electro-physiology,  and 
one  that  especially  commends  it  to  the  electro-therapeutist,  is  that  it  is 
largely  based  on  experiments  made  on  the  living  human  subject.  True 
enough,  thousands  of  frogs  have  given  up  their  lives  in  the  electro-physi- 
ological laboratory,  and  dogs  and  cats,  rabbits  and  guinea-pigs,  rats,  and 
monkeys  even,  have  been  subjected  to  electric  tests  while  living,  in  bealth 
and  uninjured,  while  dying,  and  when  dead ;   but  some  of  the  most 
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^  and  suggestive  phenomena  of  this  science,  those  which  have 
the  nearest  practical  relation  to  electro-therapeutics,  can  be  best  studied 
on  the  living  human  subject,  and  without  injuring  the  subject  experi- 
mented on.  This  is  the  supreme  advantage  of  the  study  of  the 
physiological  action  of  electricity  over  the  study  of  the  physiological 
action  of  the  majority  of  dnigs.  The  objection  so  often  made  against 
experiments  made  with  medicines  on  inferior  animals,  that  they  do  not 
(each  the  action  of  such  medicines  on  the  human  body  in  disease, 
cannot,  therefore,  apply  to  electro-physiology,  except  to  a  limited 
degree. 

Not  a  few  of  the  physiological  reactions  of  the  human  body  to  elec 
tricity  can  be  studied  while  making  therapeutical  applications.  The 
reaction  of  voluntary  muscles,  of  the  motor  and  sensory  nerves,  of 
some  of  the  nerves  of  special  sense,  to  electricity,  and  the  general  effects 
of  electricity  on  nutrition,  are  taught  us  fevery  time  we  electrize  a  patient 
by  any  of  the  familiar  methods  of  application.  Electro-physiology  and 
dectro-therapeutics  thus  go  hand  in  hand. 

TX^"  Localization  of  Electricity  in  the  Body  an  Advantage  in  Studying 
Us  Physiological  Effect. — The  drugs  with  which  we  experiment  on  ani- 
OBals,  in  order  to  learn  their  physiological  action,  are  usually  absorbed 
ind  carried  through  the  whole  system ;  to  confine  their.action  to  any 
part  or  member  is  impossible.  If  they  select  any  organ  on  which  to 
expend  their  force  In  preference  to  other  parts,  it  is  by  virtue  of  their  in- 
herent affinity  for  such  organ,  and  not  from  any  power  in  the  experimenter 
to  confine  them  there.  But  electricity  can,  to  a  certain  extent,  be  local- 
ized in  a  muscle  or  nerve,  or  in  some  special  organ  ;  thus  its  effects  can 
be  studied  writh  greater  precision  and  certainty  than  the  effects  of  drugs 
\itcraally  administered.  'I'hus  the  physiological  action  of  electricity  ba^ 
a  specially  practical  beanng  on  its  therapeutical  action. 

Animal  Electricity  is  the  Electricity  that  exists  in  Animal  Bodies, 
Electric  Fishes. — The  most  remarkable  display  of  animal  electricity 
appears  in  certain  varieties  of  fishes.  At  a  very  early  period  it  was 
known  that  a  certain  flat  fish  had  not  only  the  power,  when  touched,  to 
give  forth  shocks,  but  could  impart  to  other  bodies,  for  some  distance 
through  the  water,  a  benumbing  influence.  This  phenomenon  was  first 
proved  by  actual  experiment  to  be  of  an  electrical  nature  as  early  as 
1773  ;  and  soon  after,  by  means  of  a  number  of  Leyden  jars,  connect- 
ing with  a  disk  of  leather  or  wood,  either  side  of  which  was  covered  by 
tinfoil,  an  artificial  torpedo  was  constructed.  The  subject  of  anima] 
electricity  is  one  of  great  scientific  interest,  and  may  in  time  become 
of  direct  practical  value  to  electro -therapeutics.     This  peculiar  power 
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b  possessed  only  by  a  small  number  of  fishes,  the  best  known  of  whicb 
are  the  torpedo  or  electric  ray^  the  ^mnofus  or  electric  «/,  and  the 
electric  shad. 

This  development  of  electricity  does  not  take  place  in  all  parts  of 
the  fish,  but  is  confined  to  a  peculiar  expansion  of  the  nervous  system, 
called  the  electrical  organ.  The  nerves  constituting  the  electrical  or- 
gans of  the  torpedo  and  gymnotus  are  of  great  size.  Those  of  the  for- 
mer consist  of  three  prindpal  trunks,  and  arise  firom  the  cerebro-spinal 
system  ;  while  the  nerves  composing  the  electrical  organs  of  the  latter 
are  derived  from  the  spinal  cord  alone.  As  stated  above,  the  phenom- 
ena produced  by  these  fishes  are  similar  to  those  which  are  obtained 
from  electricity  that  is  artificially  generated- 

If  electric  fishes  are  touched  with  the  hand,  a  shock  is  perceived,  while 
if  glass,  resin,  or  any  other  non-conductor  is  intervened,  no  effect  is 
produced. 

Sparks  may  be  drawn  from  them  in  the  same  n-ay  that  they  are  drawn 
from  other  bodies  that  are  artificially  charged  with  electricity.  The 
current  obtained  from  them  will  magnetize  steel  needles,  decompose 
water,  and  if  the  needle  of  a  galvanometer  be  brought  into  the  circuit  it 
will  immediately  suffer  deflection,  so  that  the  direction  of  the  current 
may  be  readily  determined. 

The  electric  force  of  the  fish  is  much  weakened  after  it  has  exerted 
its  power  a  number  of  times  in  quick  succession,  and  it  requires  rest 
and  nourishment  to  enable  it  to  recover  its  normal  vigor. 

History  of  the  Diseovery  of  Electricity  in  the  Body  of  Man  and  other 
Animals. — We  have  already  seen  (Electro -Physics,  p.  48)  that  Galvani 
discovered  in  1786  that  muscular  contraction  follows  the  contact  of  the 
nerves  and  muscles  of  a  frog  with  a  heterogeneous  metallic  arc.  From 
this  observation,  and  from  subsequent  study  of  the  subject,  Galvani  was 
inclined  to  believe  and  to  declare  that  in  the  tissues  of  animals  there 
exists  a  special  independent  electricit)*,  which  he  called  animal  elec* 
tricity.  Although  Galvani's  conclusions  were,  as  we  now  know,  not  en- 
tirely logical,  yet  he  stumbled  on  an  important  discovery  that  was  des- 
tined to  be  demonsiraled  and  confirmed  by  other  and  later  observers. 

There  is  such  a  force  as  animal  electricity,  but  the  experiments  of 
Galvani  are  explained  by  contact  of  dissimilar  substances  and  by  the 
chemical  action  of  the  fluids  of  the  body  on  the  metals,  and  not  by  the 
electricity  of  the  body. 

yoUa's  Researches  have  already  been  given  in  Electro-Physics  (p.  50). 

Humboldt s  Researches. — In  1 799  Humboldt  published  a  work  contain* 
'\r  J  the  result  of  many  and  curious  experiments,  the  object  of  which  was 
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to  show  that  both  Volta  and  Galvani  were  right  and  I  oth  wrong ;  thai 
there  was  such  a  thing  as  animal  electricity  ;  that  Galvani  was  in  error 
b  regarding  it  as  the  only  form  of  electricity  that  appeared  in  his  ex- 
perunents  ;  and  that  Volta  was  in  error  in  refusing  to  admit  its  exist- 
ence 

A/Mini's  and Nohilis  Researches. — In  1803  a  nephew  of  Galvani^ 
Aldini,  published  experiments  that  went  to  demonstrate  the  existence 
of  &nimal  electricity.  The  voltaic  pile,  however,  was  a  stronger  argu- 
ment against  the  existence  of  animal  electricity  than  any  experiments 
could  be  in  its  favor,  and  for  these  reasons  animal  electricity  was  for- 
gotten. 

In  1827  M.  Nobili,  having  constructed  a  very  sensitive  galvanome 
ler,  was  enabled,  as  he  supposed,  to  detect,  without  doubt,  tlie  exist 
ence  of  an  electric  current  in  the  frog.     He  observed  that  when  the 
needle  was  placed  in  the  circuit  it  deviated  some  30**. 

Researches  of  Matteucci  and  Du  Bois-ReyMond.—K  few  years  subset 
qaently,  Matteucci  turned  his  attention  to  this  subject ;  but  it  was  re- 
served for  Du  Bois-Re>'mond  to  investigate  most  clearly  and  mosl 
fiilljr,  if  not  most  conclusively,  the  electric  properties  of  the  nerves  and 
muscles. 

By  these  two  observers  it  is  believed  to  have  been  shown,  ist.  Thai 
currents  in  every  respect  like  the  frog  current  of  Nobili,  are  not  peculiar 
to  the  frog,  but  are  inherent  in  all  animals,  warm  and  cold-blooded — 
in  toads,  salamanders,  fresh-water  crabs,  adders,  lizards,  gloW'Worms» 
and  tortoises,  as  well  as  rabbits,  guinea-pigs,  mice,  pigeons,  and  spar- 
rows^    (Du  Bois-Reymond.) 

2d.  That  currents  are  found  in  nerves  as  well  as  muscles,  and  that 
both  are  subject  to  the  same  laws.     (Du  Bois-Reymond.) 

3d.  That  the  current  usually  observed  is  a  muscular  current  that  is 
produced  by  the  muscles,  the  nerves  acting  only  as  inactive  conduc 
tors.     (Du  Bois-Reymond.) 

4th.  That  this  muscular  current  may  be  upward  or  downward,  and 
that  the  current  of  the  whole  limb  is  the  resultant  of  the  partial  cur- 
rents of  each  muscle.     (Du  Bois-Reymond.) 

5th.  That  these  currents  do  not  depend  on  the  contact  of  hete- 
rogeneous tissues,  as  Volta  had  believed,  for  the  nerves,  muscles,  and 
tendons  in  their  electrical  relations  are  homogeneous.  (Du  Bois-Rey- 
Qiond.) 

6th.  That  electricity  is  found  not  only  in  the  muscles  and  nerves^ 
but  also  it  the  brain,  spinal  cord,  and  sympathetic — in  motor,  sensory,  and 
mixed  nerves — in  a  minute  section  as  well  as  in  a  large  mass  of  nervouf 
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substances — in  a  small  6bril  as  weD  as  in  a  large  muscle — in  the  ski^ 
•pleen,  testicles,  kidneys,  liver,  lungs,  and  tendons ;  but  not  in  fasciae, 
sheaths  of  nerves,  and  sinews. 

7th,  That  animal  electricity  is  capable  of  decomposing  iodide  <A 
potassium,  and  of  deflecting  the  needle  of  the  galvanometer,  (Mat 
teticd.) 

8th.  In  the  muscles  and  nerves  electricity  is  in  the  condition  of  a 
ch$£d  circuit. 

9th.  That  contraction  of  muscle  is  accompanied  by  an  electric  dis- 
<ketrge  resembling  that  of  a  torpedo.     (Matteucci.) 

It  was  the  perusal  of  the  essay  of  Matteucci  that  inspired  Du  Bois- 
Reymond  to  undertake  those  magnificent  researches  that  have  given 
him  a  name  and  a  fame  in  the  realm  of  electrology. 

He  devised  special  apparatuses  for  his  researches,  and  handled  them 
with  great  skill  and  patience. 

Even  if  many  of  the  conclusions  presented  are  erroneous,  they  are 
Aone  the  less  interesting  suggestions,  and  have  prepared  the  way  for 
those  who  are  now  earnestly  seeking  to  discredit  his  experiments  and 
^Ksprove  his  statements. 

The  above  conclusions  of  Du  Bois-Reymond  were  derived  from  ex- 
periments on  the  nerves  of  frogs,  but  electricity  is  not  confined  to  the 
lower  forms  of  life,  either  dead  or  dying. 

Electricity  in  the  Living  Man. — In  the  living  man  it  is  believed 
that  cutaneous  currents  are  found  The  hand  is  negative  to  the  elbow» 
and  the  palm  of  the  hand  is  negative  to  the  back.  The  foot  is  negative 
to  the  chest,  and  the  sole  of  the  foot  is  negative  to  the  back-  The  elbow 
is  slightly  positive  to  the  chest,  and  the  hand  is  sometimes  negative  to 
the  foot,  and  sometimes  the  reverse. 

These  cutaneous  currents  are  quite  strong  and  uniform.  They  are 
to  be  distinguished  from  the  thermo-electric  currents  that  are  observed 
when  two  symmetrical  parts  are  heated. 

A  finger  at  the  temperature  of  32"  is  positive  to  one  at  90**,  and  a 
finger  at  60**  is  feebly  positive  to  one  at  80°,  and  strongly  positive  to 
one  at  180°.  The  cutaneous  currents  are  also  to  be  distinguished  from 
currents  that  arise  from  dissimilar  immersion,  dissimilar  sweating  and 
shieldijig  of  the  body. 

Currents  of  electricity  have  been  found  in  the  urethra  and  bladdei 
of  the  rabbit,  the  intestines,  the  spleen,  the  testicles,  the  tendons,  and 
the  oviduct  of  the  frog,  and  the  iris  of  birds. 

All  these  currents  resemble  the  ordinary  muscular  currents,  in  thai 
the  outer  and  inner  surfaces  have  opposite  electricities. 
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The  currents  of  the  nerves  and  muscles  are  very  much  stronger  t  lao 
those  of  other  tissues.* 

Dr.  C.  B.  Radcliffe  takes  a  radically  different  view  of  aninial  dec 
txicity.     His  conclusions,  briefly  summarized,  are  as  follows  : 

1.  The  sheaths  of  the  fibres  of  nerve  and  muscle  during  rest  are 
durged  with  electricity  like  Leyden  jars.  He  believes  it  probable, 
dioagh  not  entirely  demonstrable,  that  the  sheaths  of  the  fibres  coa« 
dnct  electricity  so  feebly  that  they  are  practically  non-conductors  and 
are  di-electric. 

This  charge  is  brought  about  by  the  development  of  electricity,  either 
positive  or  negative,  through  oxidation,  or  some  form  of  chemical  action, 
on  the  outside  of  the  sheaths  of  the  fibres,  which  electricity  induces 
Arough  the  dielectric  sheath,  an  opposite  electricity  from  the  inside  of 
the  sheaths,  after  the  manner  of  the  Leyden  jar.  Electricity  which  exists 
in  the  nerves  and  muscles  during  rest  is  in  a  statical  condition,  and  not 
in  dynamic  or  current  state. 

The  nerve-current  and  muscle-current  are  purely  incidental  phenom- 
ena, resulting  from  applying  the  electrodes  to  points  of  unequal  elec- 
tric tension. 

2.  That  the  passage  of  a  nerve  or  muscle  from  a  state  of  rest  to  a  state 
of  action  is  accompanied  by  a  discharge  similar  to  that  of  a  toqiedo. 
The  arguments  in  favor  of  this  view  are,  that  the  anatomical  and  physio- 
logical  apparatus  of  the  torpedo  closely  resembles  the  muscular  appara- 
tus of  all  animals ;  that  the  ner\'e-current  nearly  disappears  ft-om  the 
nerve,  and  the  muscle-current  from  the  muscle,  when  nerve  and  muscle 
pass  firom  rest  into  action  ;  and,  finally,  that  the  phenomena  of  induced 
or  secondary  contraction  cannot  otherwise  be  explained 

This  discharge  takes  place  between  the  sheaths  of  the  fibres,  which  are 
very  elastic,  and  are  capable  of  being  elongated  during  rest  by  the  mu- 
tual attraction  of  the  opposite  electricities  with  which  they  are  charged. 

3.  That  when  a  nerve  or  muscle  passes  from  action  to  rest  it  resumea 
its  condition  of  charge.  Elongation,  therefore,  is  the  result  of  charge, 
and  contraction  of  discharge. 

This  point  is  illustrated  by  the  following  experiment : 
A  narrow  band  of  rubber  is  wound  on  both  surfaces  very  near  the  edge 
with  gold-leaf,  so  that  it  can  be  charged  or  discharged  with  electricity 
like  a  Leyden  jar.  By  a  simple  arrangement  of  a  grooved  wheel  and  an 
apparatus  that  multiplies  and  records  the  movements,  it  can  be  shown 
that  wiien  the  band  is  charged  by  a  few  turns  of  a  frictional  machine,  tl 
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elongates,  and  when  the  charge  is  discharged  it  contracts.  It  is  believetf 
that  the  muscle  behaves  in  precisely  this  manner.  If  uervcs  are  not 
affected  in  the  same  way,  it  is  because  their  fibres  are  not  sofiident]/ 
elastic 

4.  That  the  blood  keeps  up  the  natural  chaige  of  electricity  in  nerve 
and  muscle. 

The  acceptance  of  this  view  explains  many  interestiDg  facts  in 
padtotogy.  It  explains  the  fact  that  diseases  that  axe  accompanied  by 
a  deficiency  in  the  nerve-currents,  as  neuralgia,  spinal  irritation,  hysteria, 
tetanus,  epilepsy,  usually  manifest  themselves  by  morbid  activity,  by 
increased  and  unnatural  mo\-ements  of  muscles  and  nerves. 

Active  inflammations,  when  there  is  increase  of  blocx],  are  not  usually 
acoompaiued  by  excessive  muscular  or  nervous  actioa. 

jt/farsiMS  for  Sbidymg  Animal  Electricity. — In  a  practical  work  of 
this  kind  it  is  not  necessary  nor  proper  to  enter  into  dabocate  detail 
of  all  the  experimental  premises  by  iriucfa  Matteocd,  Da  Bois-Rey- 
nood,  PflQger,  and  others  have  made  their  discoveries.  A  very  brief 
descripdoo  of  the  apparmtns  of  Do  Bot>Reymood  may  possibly  be  of 
interest 

He  employed  a  very  delicate  galvanoaieter,  the  di^tiactiwe  fea- 
tnres  of  which  were,  Jv-st^  the  astatic  needles  were  ooostrocted  and 
arranged  with  great  care  ;  and,  secwmdfy^  tike  wire  aroond  tbem  was  very 
lon&  and  of  from  4,000  to  a4»ooo  cotifoUilions.  A  mnltiplter  of  this 
sort  will  ixKficate  the  presence  of  exceedii^j  feeble  conents.  The 
vires  of  the  mnltiplter  are  connected  with  carefnUy  cleaned  and  pfe> 
y^xti^  flat  new  plates  dipped  in  vessels  of  sincv  "Tntr*'"rg  sulphate  of 
line  to  prevent  pnbritatwo,  Tvo  fiwhioiwi  as  ifaey  are  called, 
■ode  of  layers  of  blottnig-paper  soaked  in  a  sofamon  of  snlphate  of 
aioc,  are  laid  in  the  edge  of  each  vcsbcI,  with  thdr  ends  in  tiw  liqmd. 
The  whole  is  endosed  in  a  motsk  chswbcr.  in  oids  to  pntect  any 
ti«M^  it  is  placed  in  ooonection  with  the  two  fiwhifww  in  vaiioos  pod- 
tiotts ;  dien,  if  there  be  any  corrent,  dw  deijgction  is  seen  in  the  needle 
of  the  nolt^Sef-. 

m>en  two  i|inmLbiLsl  partsofAcloB>gifndhnil  or  transferee sectioo 
«ra  nerre  are  appKed  to  the  cnshions^  no  defcction  is  seen ;  when  t«e 
dnajfttctikal  parts  of  the  loogilndinal  secdon  ue  pinoed  00  the 
coahioo^  the  aeedb  ddkcts  6'  or  7*.  When  the  ln^jiwiiial  sectioc 
nrtheacfveoaoBesiifeinKhesoDecttshioa,  and  die  trans>qhe  sec- 
tion  MMchcs  the  oAcr  ade^  ^  needfe  ddfects  15*  to  3o^ 

Imtend  of  the  gihnaowcter  niddpfier  w«  nay  nse  d^  theoooopic 
ft«l^  which  way  ghre  some  resnte:  hat  it  has  *e  dfaadaaHl^e  that  il 
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its  irritability,  and  that  it  contracts  only  when  the  current  u 
closed  or  broken. 

Experiments  of  Trowbridge. — We  have  given  a  full  and  varied  pre- 
sentation of  the  leading  conclusions  of  Du  Bois-Reymond  and  others^ 
and  have  described,  in  a  very  general  way,  the  best  method  of  perform- 
ing the  experiments  on  which  his  conclusions  are  based. 

We  have  done  this  in  justice  to  a  name  that  is  greatly  honored  in 
science,  in  justice  to  the  name  that  has  made  an  era  in  physiology,  and 
to  prepare  the  student  for  an  intelligent  understanding  of  the  experi- 
ments that  seem  to  overthrow  these  views  of  Du  Bois-Re)Tnond  that 
have  been  so  widely  accepted. 

It  has  always  appeared  to  us  that  in  the  experiments  of  all  electro- 
physiologists,  the  later  as  well  as  the  earlier  school,  there  were  chances 
for  great  error,  and  have  been  surprised  that  their  conclusions  have 
been  accepted  with  so  little  reservation. 

Bearing  in  mind  that  all  chemical  action,  however  slight,  is  probably 
accompanied  by  the  generation  of  electricity,  it  is  surely  not  irrational 
to  suspect  that  the  conclusions  from  careful  experiments  of  Du  Bois- 
Rcymond  and  others  might  be  in  some,  if  not  in  all  cases,  modified  by 
ehemicai  action  between  tiie  animal  tissues  and  the  cushions  of  the  gal- 
vanometer, however  skilfully  these  were  protected. 

Among  the  physicists  at  least,  the  theories  of  Du  Bois-Reymond  have 
been,  on  the  whole,  losing  ground  during  the  past  ten  years,  and  pro- 
bably on  account  of  the  considerations  that  are  above  presented. 

Prof.  John  Trowbridge,  of  Harvard  College,  has  recently  made  a 
series  of  researches  that  seem  to  cast  grave  doubts  on  the  interesting 
and  hitherto  accepted  conclusions  of  Du  Bois-Reymond  in  regard  to 
tnimal  electricity. 

This  physicist,  starting  out  on  the  face  of  the  accepted  fact  that 
two  liquids  of  dissimilar  chemical  character^  separated  by  a  porous 
partition^  give  rise  to  a  current  of  electricity^  has  made  experiments 
with  an  apparatus  similar  to  that  employed  by  Du  Bois-Reymond  in 
his  researches  on  animal  electricity.  Instead,  however,  of  placing  a 
piece  of  muscle  or  nerve  on  the  cushions,  he  used  a  series  of  artificial 
muscles.  These  artificial  muscles  were  made  of  glass-tubes  covered  by 
porous  i>-^i  iiaons,  and  611ed  with  the  different  liquids,  such  as — 
Undistilled  water, 

Weak  solution  of  salt  in  distilled  water, 
Solution  of  different  salts  of  iron, 
Blood, 
Acidulated  water. 
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Placing  the  aitificiml  muscle  thus  prepared  m  the  position  where  IJM 
natural  muscle  is  placed  in  Du  Bois-Reymond's  experiments,  he  fomd 
that  each  liquid  caused  a  drfUciion  of  the  needle  of  the  galvanomettr. 

There  is  no  question,  in  the  opinion  of  Prof,  Trowbridge,  that  the 
currents  that  caused  these  deflections  of  the  needJe  arose  from  (Lc 
actiom  of  the  fiuids  im  the  tubes  on  the  saline  solution  of  the  cushion  and 
the  protecting  guard.  This  view  is  confirmed  by  the  &ct  that  when 
the  artificial  muscles  were,  filled  with  distilled  water,  there  was  no  de- 
flection of  the  needle  observed  ;  but  when  undistilled  water  or  the 
other  fluids  mentioned  were  used,  the  needle  of  the  galvanometer  de- 
flected so  far  as  in  some  cases  to  throw  the  spot  of  light  off  the  scale.* 
Prof.  Trowbridge  exercised  the  saune  precautioas  as  are  found  necessary 
by  electro-physiologists  in  obtaining  the  so-called  muscular  currents. 
He  argues  that  the  behavior  of  the  artificial  muscle  must  be  similar  to 
that  of  a  natural  muscle  placed  on  the  cushions  ;  and  he  states  further* 
that  when  we  use  the  oatoral  moscle^  containing  £re^  and  chemically 
active  blood,  separated  by  its  sheath  from  the  clay  guards  of  the  cushions, 
mn  electrical  action  must  take  place  betmeen  tiufiuidt  of  the  muscle  and 
the  saline  taimtiens  in  the  connecting  ^parmha,  mkicA  action  cannot 
WtU  be  distinguished  from  the  so-called  muscular  current,^ 

In  order  to  avoid  every  possible  source  of  error  in  these  experi- 
ments, Prof.  Trowbridge  not  only  tried  distilled  water  in  the  artl^cial 
muscles,  instead  of  undistilled  water  and  the  different  solutions,  but  also 
trie<l  the  mere  contact  of  the  bladder  membrane-partition  without  any 
fluid,  and  in  neither  case  was  any  caxTeot  prodooed.  He  employed  a 
vestel  shaped  like  the  letter  U»  opened  at  tbe  bend,  aad  covered  at  the 
cods  fay  a  membrane.  Into  die  two  Umbs  of  the  tube  he  injected 
fluids  of  different  kinds.  Wlieii  llie  vessel  was  filled  with  a  fluid  that 
was  homogeneous,  and  the  ends  of  the  tnbe  brought  in  contact  with 
the  nishions  the  needle  of  tbe  galvanometer  was  deflected.  When  the 
pdnls  of  contact  weie  reversed,  tlM  dvectian  of  liae  needle  was  ad- 
vened. That  mere  oPMtecr  of  tiK  tube  whh  dke  CDsUaDS  did  not  caese 
tike  deflection  of  tbe  needle,  was  shown  by  tke  fux  tint  when  no  fluids 
wcie  in  tbe  tnbe  tfaete  was  no  deOectioa.  That  the  Erection  of  the 
cwient  was  tl^^mgk  the  U-^haped  tnbe,  and  not  from  its  fTTrrmiities  to 
the  gahwoinem  and  bad^,  was  prored  by  the  £act  that  when  the 
aection  of  one  of  the  Hmbs  of  the  U-shaped  tnbe  was  coostxicced,  the 
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deflection  of  the  needle  was  reduced,  and  when  the  conslriction  wa» 
complete  there  was  no  deflection. 

The  conclusion  lo  which  Pro£  Trowbridge  arrives  from  these  ex- 
periments, which  have  been  repeated  at  various  times,  is,  "Ma/  when  the 
tushiofu  of  iht  galvanometer  are  connected  by  a  membranous  sac  con- 
tAtning  fluids^  or  animal  tissue  saturated  withjiuid^  an  endosmotic  action 
taJUs  place^  accompanied  by  galvanic  action  ;  and  that  this  galvanic 
^tion  is  determined  by  the  difference  of  endosmotic  action  at  various 
f^nts  of  the  enclosing  membrane'*  * 

When,  therefore,  a  muscle  is  placed  on  the  cushions  of  the  galvanom- 
eter, its  transverse  section  on  one  pad  and  its  longitudinal  section 
on  the  other,  endosmose  takes  place,  which  is  different  at  different 
points,  and  the  galvanic  current  that  appears  is  probably  caused  by 
this  difference  of  endosmotic  action  and  not  by  the  so-called  musculai 
current.  Then  granting  that  a  muscular  current  exists,  it  must  suffet 
important  modifications  in  strength  and  direction  through  this  endos- 
motic action.  If  the  muscular  current  does  not  exist,  this  endosmotic 
action,  with  the  accompanying  galvanic  action,  will  account  for  the  de- 
fiecticn  of  the  needle  of  the  galvanometer  that  had  been  supposed  to  be 
due  to  the  muscular  current. 

In  a  letter  received  by  \)i.  Beard  from  Prof.  Trowbridge,  under  date 
March  28,  i873«  nearly  one  year  later  than  the  date  of  the  publication  of 
the  researches  of  which  the  above  is  an  abstract,  he  says  that  "  later 
experiments  have  convinced  me  that  there  are  no  such  currents  as  mus- 
cular currents,  properly  so  called.  I  think  that  the  phenomena  noticed 
by  Du  Bois-Reymond  arise  from  differences  in  the  chemical  nature  of 
different  portions  of  the  muscle.  Du  Bois  Reyraond  contends  that 
such  chemical  difference  does  not  exist,  and  that  the  tissue  is  homo- 
geneous from  a  chemical  point  of  view.  It  must  be  remembered, 
however,  that  a  delicate  galvanometer  can  detect  differences  in  chemi- 
cal composition  which  cannot  be  detected  except  by  the  most  refined 
analysis.  I  should  therefore  make  my  assertions  stronger  than  I  have 
[  done,  in  the  accompan)ing  papers,  in  view  of  subsequent  experiment.'" 

Prof.  Trowbridge  has  also  made  experiments  that  seem  to  cast  grave 
doubts  on  the  conclusions  of  Du  Bois-Reymond  in  regard  to  electrical 
ewrrents  in  the  arms.  Du  Bois-Reymond  in  his  experiment  connects 
the  terminals  of  a  galvanometer  in  separate  vessels  by  a  siphon-tube 
containing  the  same  liquid  as  the  vessel.  The  ends  of  the  tube  arc 
covered  with  a  porous  preparation. 
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Placing  a  forefinger  in  each  vessel  and  violently  contracting  the 
^nn,  he  observed  that  the  needle  of  the  galvanometer  was  deflected  ;  oq 
contracting  the  other  arm,  the  needle  deflected  in  the  opposite  <Urec- 
tion,  Du  Bois-Reyiiiond  explained  this  phenomena  by  the  theory 
that  electrical  currents  circulate  in  the  arm  dbtinct  from  and  co  exist- 
mg  with  the  muscular  and  nerve-currents.  It  is  not  difficult  to  con- 
ceive that  in  an  experiment  of  this  kind  there  would  be  chances  for 
error  sufficient  to  make  us  very  cautious  in  accepting  any  immediate 
conclusions  in  regard  to  it  In  order  to  test  the  validity  of  this  con- 
clusion, Prof  Trowbridge  prepared  a  vessel  with  two  limbs,  which  he 
substituted  for  the  human  finger.  Du  Bois-Reymond's  experiment- 
vessel  was  fiUed  with  a  solution  of  salt,  and  the  end  of  the  limbs  was 
covered  with  prepared  membrane.  The  resistance  of  the  circuit 
through  both  limbs  and  the  vessel  was  about  that  of  the  human  body 
from  the  forefinger  of  one  hand  to  the  forefinger  of  the  other — that  is, 
about  seven  or  eight  times  the  resistance  of  the  Atlantic  cable.  The 
ends  of  the  limbs  or  tubes  were  immersed  in  the  fluid  of  the  vessel  con- 
nected with  the  galvanometer.  As  soon  as  they  touched  the  liquid, 
the  needle  of  the  galvanometer  was  deflected,  and  on  reversing  the 
limbs  the  needle  was  deflected  in  the  opposite  direction. 

When  the  flexible  portion  of  one  of  the  limbs  was  pinched  so  as  to 
diminish  the  diameter,  the  deflection  was  also  diminished.  When  a 
trifling  change  was  made  in  the  chemical  character  of  the  fluids  in  the 
two  limbsy  and  one  of  the  limbs  was  slightly  c&ntracted^  the  direction  of 
the  needle  was  reversed. 

Prof.  Trowbridge  is  disposed  to  believe  that  the  deflection  of  the 
needle  caused  by  the  contraction  of  the  muscles  of  the  arm,  "is  pro- 
duced either  by  the  temperature  or  by  tlie  change  in  the  flow  of  the 
blood."  It  has  been  established,  that  the  electro -motive  force  between 
venous  and  arterial  blood  is  about  one-thirtieth  that  of  a  Daniell's 
cell  I  and  as  muscular  contractions  change  the  chemical  character  of 
the  blood,  and  as  by  very  slight  chemical  difference  between  two  fluids 
separated  by  a  membrane,  like  the  skin,  is  sufficient  to  create  a  gal- 
ranic  current,  it  is  not  improbable  that  the  conclusion  of  Du  Bois- 
Reymond  in  regard  to  the  existence  of  a  separate  electrical  current 
in  the  aim  IS  erroneous. 
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Electrotoiws  is  the  peculiar  modification  of  irritability  that  nerv€i 
and  muscles  undergo  when  acted  upon  by  a  galvanic  current. 

While  the  nerve  is  in  the  electrotonic  state,  that  part  of  it  not  in* 
duded  between  the  poles  ^trM  deflect  the  needle  of  a  deUcate  galvano- 
meter ;  and  that  the  deflection  then  caused  is  not  due  to  the  natural 
nerve-current,  \s,  proved  by  the  fact  that  it  appears  when  onJy  the  sur- 
fece  of  the  nerve  is  connected  with  the  galvanometer.  It  is  therefore 
tiie  electric  condition  of  the  nerve  caused  by  the  passage  of  the  current 
through  it  that  deflects  the  needle.  The  electrotonic  condition  not  only 
remains  so  long  as  the  galvanic  current  continues  to  pass,  but,  if  the 
current  be  sufficiently  powerful,  it  reraains  for  a  limited  time  after  the 
current  ceases  to  pass. 

The  electrotonos  is  more  noticed  the  larger  the  extent  of  nerve 
Acted  upon,  provided  the  current  be  sufficiently  increased  to  overcome 
the  increased  resistance. 

In  nerves  that  are  dead,  or  have  lost  their  irritability,  electrotonof 
cannot  be  excited  at  all,  or  only  feebly,  and  the  same  is  true  when  tht 
nerve  is  cut  across  or  tightly  bound  with  a  ligature. 

The  change  in  the  nerve-current  depends  on  the  direction  of  the 
galvanic  current.  When  the  galvanic  current  Bows  in  the  same  direc- 
tion with  the  nerve-current,  the  strength  of  the  nerve-current  is  in- 
creased ;  when  the  galvanic  current  flows  in  a  contrary  direction,  the 
strength  of  the  nerve-current  is  diminished* 

Electrotonos  is  greater  when  the  galvanic  current  flows  lengthwise 
than  when  it  tlows  across  the  nerve.  It  increases,  within  certain  limits, 
with  the  increase  in  the  intensity  of  the  current. 

Molecular  Theory  of  Anelectrotonos. — Du  Bois-Reymond  has  sug- 
gested a  theory  to  account  for  the  phenomena  of  electrotonos,  which 
has  be<?n  generally  accepted.  It  is  analogous  to  the  theory  of  mag- 
netisai  suggested  by  Coulomb.  He  supposes  that  muscles  and  nerves 
consist  of  electric  molecules,  which  have  one  positive  equatorial  zone 
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•ad  two  negariye  pobr  looe^  vlMte  aset  are  paniDd  id  each  ( 
tfaata,twoinolmi1r«— keoaemplecair  ThkbcaBcdtbej 
arrangemenL  In  a  au^Bct,  eadi  indiTidBal  laciJccaie  laantfrsts  the 
same  phrnocnena  as  the  endie  qngnet:  each  mciienilc  is  indeed  a 
magnet  in  mimatare.  In  fike  manoer,  each  moiecale  of  Che  nerve  or 
masde  manifryrs  the  same  pbenomeoa  as  the  ertixe  nenre  or  moscle 
These  peri-polar  ootecnles  are  cadoicd  bf  a  moist  coveiio^ 

Du  Bots-RcTmood  iiardier  supposes  that  eadi  pefifiolar  molecule 
ma^  be  divided  into  a  groap  of  Apdar  awthiahiv    ■heie  the  positive 


Peri-poUr  Amngement  of  Ekctro-moCor  MolecQle& 

L  S— LeM^iitiidiBal  Sectkxu  T  S^Transvene  Sectioo. 

P — Parelectrooonuc  Layer. 

hemispheres  arc  turned  toward  each  other — without  changing  theii 
electrical  properties.  This  is  called  the  dipolar  arrangement.  If  a 
number  af  such  molecules  are  brought  under  the  influence  of  a  galvanic 
current,  their  positive  xones  will  turn  toward  the  negative  pole,  and  the 
negative  toward  the  positive  ;  one  of  the  molecules  (3)  turning  180* 
on  its  axis.  The  arrangement  will  be  as  above.  From  its  resemblance 
to  the  voltaic  pile  it  is  called  the  pile-like  arrangement. 

This  pile-like  arrangement  of  the  molecules  not  only  takes  place 
between  the  electrodes,  but  also  beyond  them  into  the  extra-polar 
region. 

Du  Bois-Reymond  has  illustrated  these  phenomena  on  molecules 
naade  of  zinc  and  copper. 

From  these  experiments  Du  Bois-Reymond  concluded,  first,  that  the 
nerve  is  always  in  the  condition  of  a  closed  circuit,  since  electric  cur 
rents  are  produced  by  the  connection  of  layers  surrounding  the  mole- 
cules with  their  molecules  ;  and  secondly,  that  the  current  obtained 
from  an  animal,  as  indicated  by  the  galvanometer,  is  only  a  small  por 
tion  of  the  entire  current. 
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!  galvanic  current  that  produces  the  electrotonic  condition  is  called 
^^polarixing  current.  The  portion  between  the  poles  is  called  intrct- 
foiar;  beyond  and  outside  of  the  poles,  extra-polar,  Electrotonos  is 
ascending  when  it  proceeds  from  the  muscle  to  the  nerve ;  descending 
when  it  proceeds  from  the  nerve  to  the  muscle. 

Anelectrotonos  and  CcdeUctrotonos. — Anelectrotonos  is  a  condition  of 
diminished  irritability  which  takes  place  at  the  positive  electrode.  Gate- 
Uctrotonos  is  a  condition  of  increased  irritability  which  takes  place  at  the 

L  S 


J 


L  S— Longitudinal  Section.  T  S — Transverse  Seetiob 

I.  Peri-poUr  amngement  of  electro-motor  molecules. 
X  Di-pokr  arrangement  of  electro-motor  molecules. 

^  Pile-like  arrangement  of  electro-motor  molecules,  caused  by  the  action  of 
the  galvanic  current. 

megative  electrode.  At  some  point  between  the  electrodes  the  irritability 
of  the  nerve  is  unchanged  The  conditions  of  anelectrotonos  and 
catelectrotonos  are  found  not  only  between  the  poles,  but  also  in  the 
other  portions  of  the  nerve,  in  the  extra-polar  portion. 

The  portion  between  the  poles  and  near  the  negative  pole,  togethei 
with  the  portion  beyond  the  negative  pole,  is  in  a  state  of  catelectro. 
tonos,  with  increased  irritability.  The  portion  between  the  poles  and 
near  the  positive  pole,  together  with  the  portion  beyond  the  positive 
pole,  is  in  a  state  of  anelectrotonos,  with  diminished  irritability. 

The  extra-polar  catelectrotonos  depends  on  the  length  of  the  nerve  be 
tween  the  iv>les,  and  the  strength  of  the  current,  up  to  a  certain  limit. 
The  strength  of  the  extra  polar  anelectrotonos  is  proportioned  to  ht 
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distance  from  the  poles,  being  greatest  near  the  intra-polar  portion. 
The  extra-polar  catelectrotonos,  both  ascending  and  descending,  is  m 
a  state  of  increased  irritability.  The  extra-polar  anelectrotonos,  both 
ascending  and  descending,  is  in  a  state  of  diminished  irritability. 

Neutral  Point. — Between  the  poles  there  is  a  point  where  the  irritar 
bility  is  not  changed ;  there  anelectrotonos  meets  catelectrotonos.  This 
is  called  the  neutral  point  The  relative  position  of  this  depends  od 
the  strength  of  the  polarizing  current.  Where  the  strength  of  the  cur- 
rent is  medium,  the  neutral  point  is  about  midway  between  the  poles. 
Where  the  current  is  weak,  the  neutral  point  is  nearer  the  positive 
pole.     Where  it  is  strong,  it  is  near  the  negative  pole. 

Negative  Variation. — When  a  current  frequently  interrupted  is 
applied  to  an  irritable  nerve,  it  causes  the  nerve-current  to  diminish  in 
strength,  and  finally  utterly  destroys  it.  This  fact  is  demonstrated  by 
the  galvanometer. 

The  same  phenomena  is  caused  to  a  less  degree  by  chemical  or 
mechanical  stimulation  of  nerve.  Negative  variation  has  been  explained 
by  the  theory  that  the  peri-polar  molecules  in  the  nerve  change  their 
arrangement,  so  that  their  electro-motor  power  is  diminished.  The  neg- 
ative variation  of  the  current  has  been  studied  by  Bernstein.  He  re- 
gards all  the  electric  phenomena  of  the  nerve  as  undulatory  movements, 
and  has  mathematically  estimated  the  length  of  the  waves  in  nerve  and 
muscle.  Cyon,  in  confirmation,  has  shown  that  the  degree  of  the 
variation  is  directly  proportioned  to  the  number  of  interruptions  in  the 
exciting  current. 

Effects  of  Electrotonosin  Diminished  Conductivity.— -The  power  of  a 
nerve  to  conduct  irrilability  is  more  or  less  modified  by  the  condition  oj 
electrotonos.  The  portion  of  the  nerve  near  the  positive  pole,  which  is 
in  a  condition  of  anelectrotonos,  has  its  conductibility  diminished ;  the 
portion  of  the  nerve  near  tive  negative  pole,  which  is  in  a  condition  of 
catelectrotonos,  has  its  conductibility  increased.  If  the  current  be  suC- 
fidently  strong,  the  power  of  the  nerve  to  conduct  impressions  may  be 
nearly  or  entirely  destroyed. 

Effects  of  Electrotonos  after  the  breaking  of  the  Galvanic  {polarizing) 
Cwrr^-w/.— One  of  the  effects  of  the  electrotonos  is  the  irritation  which  is 
caused  by  the  passing  away  of  the  anelectrotonos.  This  irritation, 
which  appears  al  the  positive  pole,  is  shown  either  by  a  contraction  or 
by  a  iJtanic  condition. 

Positive  Modification  and  Negative  Modification. — The  nerve  which  is 
in  a  condition  of  catelectrotonos  at  the  negative  pole  is  greatly 
modified  by  the  breaking  of  the  polarizing  current     Its  irritability  i» 
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thereby  dimimshed  This  diminution  of  ixriubllity  is  called  the  *' nega- 
tive modifiiotiony  At  the  positive  pole  in  the  catelectrotonic  region,  aa 
increase  of  irritability,  or  positive  modification^  appears  on  breaking  the 
current  This  increase  and  diminution  of  irritability  continue  for  some 
tiine  after  the  polarizing  current  is  broken. 

Effect  of  a  CJiangein  the  Direction  of  the  Current. — Another  effect  of 
electrotonos  is  the  change  of  irritability  which  is  caused  by  a  change  in 
Ihe  direction  of  the  current.  If  a  nerve  is  subjected  for  some  time  to 
the  influence  of  a  galvanic  current  in  a  certain  direction,  it  loses  some 
of  its  irritability,  which  i\  regains  when  the  current  is  reversed. 

Restoration  of  Irritability. — A  very  important  effect  of  electrotonoi 
is  a  restoration  of  irritability  in  a  nerve.  It  has  been  proved,  both  by 
experience  and  by  experiments,  that  nerves,  which  from  any  cause  have 
lost  their  irritability  to  the  faradic  current,  sometimes  regain  it  after  an 
application  of  the  galvanic  It  has  been  shown  by  the  experience  of 
several  Mrriters  on  electro-therapeutics,  and  of  ourselves,  that,  in  cases 
of  paralysis,  when  the  faradic  current  at  first  fails  to  produce  contrac- 
tions, the  application  of  the  galvanic  may  not  only  readily  produce  con- 
tractions, but  may  also  produce  such  a  change  in  the  irritability  of  the 
paralyzed  parts  as  to  cause  them  to  regain  their  lost  irritability  to  thi 
faradic  current.     (See  Electro-Therapeutics.) 

Electrotonos  of  Muscle. — A  musclcy  like  a  nerve,  may  be  put  in  the 
condition  of  electrotonos ;  the  changes  of  irritability  that  accompany 
this  condirion  are  confined  to  the  poition  of  muscle  through  which 
the  current  flows.  The  subsequent  effects,  after  the  polarizing  current  is 
broken,  are  also  limited  to  the  portion  through  which  the  current  passes. 

It  is  logically  probable,  also,  that  not  only  the  motor  nerves,  but  also 
all  parts  of  the  nervous  system — central  and  peripheral — are  capable  of 
exhibiting  tlie  phenomena  of  modified  irritability  under  the  galvanic 
cuxrent 

Theory  of  Anelectrotonos  and  Catelectrotonos. — That  the  galvanic 
current  in  its  passage  through  the  nerve  diminishes  the  irritability  of  that 
n^rvc  in  the  region  of  the  positive  pole,  and  increases  its  irritability  in 
the  region  of  the  negative  pole,  maybe  explained  by  the  purely  physical 
effects  of  the  currents  in  the  tissue. 

We  have  seen  that  in  electrolysis  acids  go  to  the  positive  and 
alkalies  to  the  negarivc  pole  ;  now  it  is  a  fact  of  physiology  that  acids 
diminish  the  irritability  of  nerves,  while  alkalies  increase  it  Anelec- 
trotonos and  catelectrotonos  may  therefore  be  caused  by  acids  at  the 
positive  and  alkalies  at  the  negative  pole. 

This   explanation   is  rendered   probable   by  two  facts:  firsts  that 
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anelectrotonos  and  catelectrotonos  are  not  produced  by  the  secondu^ 
fauadic  current,  which  has  no  marked  chemical  action  ;  and  secondlyy 
that  very  feeble  and  instantaneous  passages  of  the  galvanic  current  pro- 
duce electrolytic  effects. 

Pfiuget*5  Contraction-Law. — The  law  of  contraction,  as  derived  by 
PflUger  from  experiments  on  the  frog,  is  thus  formulated  :  The  nerve  it 
exctitd  by  the  appearance  of  catelectrotonos^  and  the  disappearance  of 
anelectrotonos ^  but  not  by  the  appearance  of  anelectrotonos  or  the  dis- 
appearance of  catelectrotonos.  This  law  is  considered  of  great  scientific 
as  well  as  practical  value. 

Electrotonos  in  the  Living  Man, — The  subject  of  electrotonos  in  the 
living  man  has  been  studied  by  Eulenburg,  Samt,  Von  Bezold,  Brenner, 
Erb,  BrQckner,  Runge,  and  Filchne,  but  most  successfully  by  Cyon. 

Cyon,*  by  a  series  of  elaborate  and  careful  experiments,  has  shown 
that  die  contraction-law  of  Pfluger,  as  established  on  the  frog  prepara- 
tion, applies  also  to  the  living  human  subject. 

He  has  shown  that,  after  closing  the  circuit,  the  irritability  is  in- 
creased near  the  negative  pole ;  that  this  condition  of  catelectrotonos 
increases  as  the  current  runs  up  to  a  certain  point ;  that  on  breaking 
the  current  the  negative  modification^  or  condition  of  diminished  irrita- 
bility, appears  for  a  moment,  and  then  disappears. 

Ne.\r  the  positive  pole,  on  the  other  hand,  the  irritability  is  diminished 
at  and  after  closing  the  current.  On  breaking  llie  current  there  is 
an  increase  of  irritability,  or /oji^izr  modification^  which  appears  to  be 
greater  when  ilae  current  has  been  allowed  to  run  a  long  time. 

The  experiments  from  which  Cyon  derived  these  conclusions  were 
•uade  on  the  ulnar  nerve,  and  ^-ith  great  care  to  avoid  error.  It  will 
be  seen  that  tJje  results  correspond  with  the  results  of  Pfliiger's  experi- 
ments on  the  frog,  and  confirm  them.  Cyon  found,  however,  that  these 
results  were  not  unifoiro  in  ail  persons,  but  were  modified  more  or  less 
by  temperament  and  disease. 

Practical  Bearings  of  the  Laws  of  Electrotonos. — WTiile  the  laws  of 
electrotonos  do  not  account  for  all  the  theraj-jeurical  action  of  the  gal- 
vanic current,  they  are,  nevertheless,  of  great  value,  and  help  to  ex- 
plain the  practical  differences  observed  in  the  action  of  the  two  poles. 
In  a  carefully  prei>ared  article,  however,  by  De  Watteville,f  the  con- 
clusion is  reached  ••  that  a  therapeutical  s}^iera,  built  on  the  opposite 
anelectrotonic  and  katelectrotonic  effects,  rests  U|X}n  an  imaginary 
basis.  .  .  .  Both  are  stimulants,  if  *  stimulation '  there  be,  the  kathode 
more  than  the  anode. " 

*  J\i»»tip*t  J'£tKtrwtJkirre/$e,     F^V  tSj^  p.  130  it  stf. 

\  Cmdttimx  tfdtt  Vmjptttr  SHmm/miitm,  <fc;    **Bram.*'    Fait  IX. 
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In  regard  to  the  study  of  the  action  of  electricity  or  the  body  in 
health,  it  is  necessary  to  make  the  preliininary  remark  hat  many  of 
the  experiments  that  have  been  made  and  published,  and  widely  quoted 
in  this  department,  have  but  little  scientific  value,  and  cannot  be  re- 
garded as  in  any  sense  authoritative.  The  reason  for  the  uncertainty 
pertaining  to  the  reported  experiments  are  manifold  : 

1,  The  distinction  between  the  currents  has  not  been  observed.  Not 
only  have  the  faradic  and  the  galvanic  currents  been  constantly  con- 
founded, but  the  subdivisions  of  the  faradic  current — the  electro  raag- 
cetic  and  magneto  electric — have  been  vaguely  commingled.  Many 
observers  speak  of  galvanization  when  they  mean  faradization,  and  vict 
rersd,  and  not  a  few  apply  both  terms  to  the  use  of  the  same  current. 

2.  Allowance  has  not  been  made  for  the  differential  action  of  strong , 
medium^  and  feeble  currents^  or  of  long  and  short  applications.  The 
<iifference  in  the  physiological  effect  of  a  large  and  small  dose  of  opium, 
strychnine,  belladonna,  or  ergot,  or  any  other  powerful  remedy  whatso- 
ever, is  enormous.  When  a  small  dose  has  no  perceptible  effect,  a  large 
dose  Diay  throw  into  profound  sleep,  or  into  violent  convulsions,  that  lead 
to  death-  In  speaking  of  the  physiological  action  of  drugs  of  any  kind, 
the  dose  is  always  mentioned,  and  any  experiment  with  drugs,  on  man 
or  animals,  when  the  dose  is  not  known  or  mentioned,  has  httle  value  in 
science.  Similarly  also  in  electro-therapeutics,  we  find  in  every-day 
experience  that  the  difference  in  the  effects  of  a  mild  and  short,  and  a 
ftevere  and  long,  application,  is  only  the  difference  between  making  a 
patient  infinitely  better  or  infinitely  worse. 

When,  therefore,  we  read  that  galvanization  of  the  sympathetic  or 
pneumogastric  produces  such  and  such  effects,  we  really  get  no  precise 
knowledge  whatsoever. 

J.  The  differential  susceptibility  of  man  and  animals  has  not  been  duly 
fomidered.  Experiments  with  electricity  performed  on  the  lower  ani 
mals,  as  frogs,  dogs,  cats,  horses,  rabbits,  cows,  guinea-pigs,  etc,  do  not 
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always  aSord  «  9aie  baat  fer  grtwnilwariop  in  leg^rd  to  flie  cAiects  of 
electncitjr  on  man,  and  cspedaOy  on  man  m  a  state  of  chrflazatioiL  Ii» 
dicir  susccpcibilitx  io  the  dectrical  simralixst  and  io  tbc  Icoglfik  ai  time 
that  they  retain  their  irriubtlity  after  death,  there  is  a  great  difference 
in  animals  ;  be.ireen  animals  aivd  civilized  man  this  difference  must  be 
very  great 

In  proportion  as  the  organization  of  man  is  more  complex  than  that 
of  the  lower  animals,  in  that  proportion  will  the  physiological  reactions 
of  the  human  body  to  the  electric  current,  or  indeed  to  any  other  In- 
fluence, be  more  complex  and  uncertain,  and  more  liable  to  dev'iations 
and  modifications  than  the  physiological  reaclions  of  the  inferior  forms 
of  life  to  which  we  are  supposed  to  be  related.  Conclusions  in  electro- 
physiology,  derived  solely  from  experiments  on  animals,  have  the  great 
merit  of  simplicity ;  but  when  applied  to  the  far  higher  and  more  com- 
plex organization  of  man,  and  especially  of  civilized  man,  with  his  ex- 
cessively sensitive  system  of  nerves,  they  are  apt  to  lead  into  serious 
error. 

4.  Individual  idiosyncrasies  have  not  been  properly  comidered.  The 
nction  of  medicines  varies  with  the  temperament  to  such  a  degree  as  to 
tuake  necessary  great  caution  in  rushing  to  generalizations  from  expe- 
riments on  one  or  two  persons.  Applications  of  electricity,  faradic 
or  galvanic,  to  the  cervical  sympathetic,  similar  in  length  and  strength^ 
may  cause  in  one  individual  symptoms  of  cerebral  congestion,  in  another 
symptoms  of  cerebral  aiiaimia,  and  in  another  its  efifects  may  be  purely 
negative.  In  one  individual  the  effects  of  such  application  may  be  felt 
at  once,  in  another  an  hour  or  two  after  the  application,  in  another  not 
until  the  following  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  different 
nationalities  and  of  the  higher  and  lower  orders  of  society,  with  occa- 
sional exceptions  both  ways ;  the  tough,  coarse  fibred  laboring  classes 
arc  much  less  susceptible  to  electricity,  just  as  they  are  much  less  sus- 
ceptible to  drugs,  than  the  delicate,  tinely  organized,  brain-working 
dataes. 

5.  Th4  iuficn  fi/  tltetrieiiy  0n  tMt  bcdy  in  kialth  may  be  learned^  in 
fart  itt  itast^  hy  studying  its  tution  in  disease. 

*'  Pathology."  Allbtill  well  says.  "  is  but  the  shady  side  of  ph>'siology.** 
To  draw  the  lino  prectscly  where  health  ends  and  disease  begins,  is 
oftentimes  beyond  the  power  of  mortal  man.  Of  the  deep  darkness  of 
tlic  midnight  hour  any  child  is  conscious,  and  even  the  birds  discern  the 
tpitroach  of  evening  ;  but  what  physicist  so  keen  as  to  tell  the  precise 
notntnt  when  the  late  afternoon  begins  to  fade  into  the  early  twilight? 
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:  is  because  physiology  and  pathology  thus  run  into  each  other,  thai 
obs*- nations  on  pathological  states  may  be  of  great  service  to  physiology. 
Experiments  made  with  electricity  on  patients  more  or  less  diseased 
have  helped,  as  we  shall  see,  to  solve  some  of  the  problems  of  electra 
physiology.  Certain  pathological  states  render  the  nerves  unusually 
impressible  to  electricity  in  degree,  though  in  the  same  way  as  ir 
health,  and  thus  are  of  great  value  to  the  electro-physiological  experi 
rncntcr. 

The  above  considerations  explain  in  part  the  opposite  and  inconsistent 
as  well  as  fragmentary  character  of  electro-physiological  researches,  and 
they  should  be  borne  constantly  in  mind  by  those  who  study  this  and 
the  following  chapters,  devoted  to  the  action  of  electricity  on  the  huraar 
body  in  health. 

Actwn  of  FranklinU  Electricity. — When    the   sparks  of  frictiona) 
electricity  are  applied  to  the  skin  they  produce  a  sensation  of  pricking 
and  if  the  sparks  are  large  the  skin  becomes  red  and  a  papular  eruptior» 
appears.     Applied  to  the  scalp,  it  causes  the  hair  to  stand  on  end. 

Action  of  the  Faradic  Current. — If  any  dry  artificial  electrode  is 
pressed  against  the  dry  skin  while  a  faradic  current  is  passing,  the  elec- 
tricity will  penetrate  but  slightly  to  the  deeper  tissues,  unless  the  current 
is  vcT}'  intense,  because  of  the  great  resistance  offered  by  the  skin. 

One  effect  of  the  faradic  current  on  the  skin  in  this  way  is  to  cause  a 
thttnge  in  the  circulation.  The  change  may  be  either  anaemia  or  hyper- 
aemia.  At  hrst  there  is  anaemia.  The  calibre  of  the  blood  vessels  is 
narrowed,  through  the  action  of  the  current  on  the  vasomotor  nerves. 
This  contraction  with  anasmia  is  spasmodic  in  its  character ;  it  lasts 
but  for  a  lime,  and  in  the  course  of  two  or  three  minutes  it  gives  way 
to  hypcraemia.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  time,  from  several  minutes  to  several  hours,  according  to  tlie 
strength  of  the  current,  the  length  of  the  application,  and  the  tempera- 
ment of  the  individual. 

Another  effect  of  faradizing  the  skin  in  this  way  is  pain.  This  pain  is 
caused  by  the  irritation  of  the  extremities  of  the  sensory  nerves. 

VV^ben  the  dry  hand  is  substituted  for  the  dry  artificial  electrode,  the 
surface  can  be  faradized  without  producing  pain.  During  the  latter 
operation  the  electricity,  acting  upon  the  dry  surface  of  the  skin,  pro- 
duces a  peculiar  cracking  or  bumming  sound  that  may  be  heard  several 
feel. 

An  application  of  a  faradic  current  of  ordinary  strength  is  folloired 
by  the  most  marked  effects  on  the  skin  when  it  is  dry,  from  the  fAd 
that  the  electricity  is  mostly  confined  to  the  surface  of  the  tissue.     A 
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*rery  fine,  or,  in  other  words,  a  rapidly  inteiTupted,  faradic  current,  has 
a  more  marked  effect  on  the  sensory  nerves  than  a  coarse,  or  slowly  in- 
terrupted, current,  and  in  the  treatment  of  the  more  common  forms  of 
anesthesia  and  neuralgia  this  fact  must  be  considered.  The  negative 
pole  has  a  much  stronger  effect  both  on  the  sensory  and  motor  nerves 
than  the  positive.  Any  one  can  readily  distinguish  the  poles,  when  held 
in  the  hand,  by  the  stronger  sensation  and  more  violent  muscular  con- 
traction which  is  felt  at  the  negative. 

Some  parts  of  the  skin  are  more  sensitive  to  the  current  than  others, 
from  the  fact  that  they  are  more  richly  supplied  with  nerves.  The  face 
is  especially  sensitive  at  the  points  where  the  various  branches  of 
the  trigeminus  issue,  and  at  the  line  of  demarcation  of  the  skin  and 
mucous  membrane  of  the  nose  and  mouth.  The  relative  sensitiveness 
of  different  parts  of  the  surface  of  the  body  to  the  faradic  current  will 
be  discussed  in  detail  in  a  chapter  devoted  to  that  subject  in  the  section 
on  Electro-Therapeutics.  A  faradic  current  of  moderate  strength,  when 
applied  to  bones  that  lie  very  near  the  surface,  produces  considerable 
pain  of  a  peculiar  character.  This  pain  is  caused  on  account  of  the 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
the  region  of  the  scapula  and  tibia  are  especially  sensitive  to  electriza- 
tion. 

It  is  not  supposed  thai  the  bone  is  specifically  affected  by  the  electric 
<:urrent.  Both  the  periosteum  and  the  bone,  however,  may  have  an 
increased  amount  of  blood  attracted  to  thera  by  the  electric  current. 
Acting  in  this  manner,  electrization  has  been  known  to  reunite  an  old 
fracture.     (See  EIectro-Surger>'.) 

The  great  and  peculiar  sensitiveness  of  the  skin  to  electricity  is  ex- 
plained in  part  by  the  fact  that  the  epidermis  as  a  whole  is  so  poor  a  con- 
ductor, and  the  electricity  enters  it  by  points  through  the  sudoriferous  ai?d 
sebaceous  glands,  and  the  smaller  the  diameter  of  the  point  at  which  the 
electricity  enters  a  body  the  greater  the  density,  the  strength  of  the 
current  being  constant  When  now  an  electrode  is  applied  to  the  body, 
the  entire  current,  instead  of  diffusing  itself  over  the  whole  surface, 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently 
excites  pain.  For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  metallic  brush  is  far  more  painful  than  when 
Applied  with  a  broad  metal  or  sponge. 

For  the  same  reason  a  wet  sponge  electrode,  when  lightly  touched  to 
the  surface  of  the  body,  causes  more  pain  than  when  firmly  pressed  oo 
the  skin. 

One  effect  of  faradudng  the  skin  is  the  phenomenon  of  "  goose-flesh,' 
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tK>pulaily  so  called.  This  is  noticed  not  only  where  the  electrodes  are 
applied,  and  between  them,  but  at  a  distance.  It  is  more  observed  in  the 
ocr%'Ous  and  feeble  than  in  the  hardy  and  strong.  It  may  be  excited  b> 
weak  currents  of  momentary  duration.  In  some  persons  it  cannot  be 
excited  at  all. 

Action  of  tht  Galvanic  Current. — The  effects  of  the  galvanic  current 
on  the  skin  differ  somewhat  from  those  of  the  faradic.  At  both  poles 
there  is  a  ^tfr/x/Vi^  sensation,  which  increases  in  intensity  with  the  strength 
of  the  current  and  the  length  of  the  application.  The  sensation,  when 
ihe  current  is  closed,  is  like  that  of  a  mustard-plaster,  or,  with  a  very 
strong  current,  that  of  a  hot  iron  pressed  on  the  skin.  The  "  goose- 
skin  "  sometimes  appears  as  under  the  faradic  current,  but  it  lasts  longer. 
It  appears  only  around  the  poles,  and  not  beneath  them,  at  the  points  of 
contact  At  the  positive  pole,  in  some  cases,  there  appears  under  the 
electrode,  at  first,  a  shallow  depression,  and  the  skin  is  pale,  but  soon 
hypenemia  appears,  and  many  Uttle  elevations  here  and  there.  When 
a  strong  current  is  used  an  ischaemic  appearance  is  presented  beneath 
the  electrode,  and  a  red  areola  extends  for  some  distance  around. 

At  the  negative  pole  substantially  the  same  phenomena  appear,  but 
the  hypersemia  arises  more  rapidly,  and  is  more  intense  and  extended. 

The  general  sensation  caused  by  the  galvanic  current  is  then,  in 
character,  substantially  the  same  at  both  poles.  In  degree  of  action 
there  is  a  certain  difference,  since  the  change  at  the  negative  develops 
more  rapidly  and  powerfully. 

The  above  phenomena  we  have  repeatedly  demonstrated  on  a  variety 
of  temperaments.  We  have  observed  that  the  rapidity  and  strength  of 
the  action  are  considerably  modified  by  the  individual.  Soft,  thin,  and 
delicate  skins  appreciate  the  burning  feeling  and  the  various  stages  of 
h}-penem'ia  more  quickly  than  skins  which  are  coarse,  thick,  and  hard. 

Zierassen,  who  has  carefully  studied  this  subject,  states  that  unfo- 
laritable  electrodes  are  necessary  in  order  to  obtain  the  complete 
results  with  certainty.  The  advantage  of  unpolarizable  electrodes  is, 
that  they  arc  not  so  painful,  and  so  a  current  of  from  thirty  to  sixty 
elements  can  be  borne  for  a  long  time,  say  from  ten  to  thirty  minutes. 
With  ordinary  electrodes  such  a  current  would  for  most  persons  be  un- 
endurable after  the  second  minute. 

Chemical  Effects  of  the  Galvanic  Current  on  the  Skin. — The  chemical 
effects  of  the  galvanic  current  on  the  skin  differ  not  only  in  degree  bul 
in  kind.  Under  the  negative  pole — when  metallic  electrodes  of  moderate 
diameter  arc  applied  on  the  skin,  slightly  moistened — there  appear  small, 
pale  vesicles,  that  are  transparent  and  are  not  raised  much  above  the 
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skir..  This  pheiomena  is  produced  by  a  current  that  causes  a  strong 
burning  sensation.  These  vesicles  contain  fluid  and  layers  of  epidermis 
The  fluid  is  alkaline.  When  the  strength  of  the  current  is  increased  the 
fluid  becomes  of  a  brownish  color,  and  blisters  are  formed  and  a  red 
areola  appears.  The  serum  that  comes  out  on  the  skin  is  alkaline. 
These  blisters,  and  all  the  other  phenomena,  as  has  been  often 
demonstrated,  appear  more  rapidly  on  delicate  than  on  thick  skins,  and 
when  fully  formed  they  are  a  long  time  in  healing,  and  for  days  and 
weeks  a  yellowish  and  brownish  discoloration  may  be  observed  at  the 
points  where  the  skin  was  acted  on. 

If  the  application  be  still  more  protracted  little  ulcers  are  formed,  that 
are  also  slow  to  perfectly  heal,  but  are  not  painful,  and  cause  no  an- 
noyance. ^ 

At  the  positive  pole,  when  a  strong  current  is  used  for  some  time,  a 
blister  appears,  accompanying  the  other  symptoms  of  "goose-flesh," 
ischaemia.  The  blister  is  colored  in  its  centre  a  yellowish  brown. 
The  serous  fluid  that  comes  from  the  blisters  is  acid.  The  metallic  elec- 
trode becomes  black  through  oxidation.  In  order  to  demonstrate  this 
action  of  tlie  positive  pole,  it  is  better  to  have  the  connection  at  the 
negative  pole  established  by  means  of  a  broad,  soft,  and  well-moistened 
sponge. 

Ziemssen  states  that  by  this  experiment,  made  with  thermometers, 
no  elevation  of  temperature  takes  place  either  at  the  positive  or  nega- 
tive pole. 

In  all  these  chemical  actions  of  the  galvanic  current  on  the  body,  it  is 
probable  that  more  or  less  ozone  is  produced,  and  it  is  not  impossible 
that  the  ozone  thus  produced  may  in  some  way  modify  the  effects. 
(See  section  on  Oione^nd  Ulcers^  in  Electro-Therapeutics.) 

EUctro-anasihesia. — It  has  for  some  time  been  a  matter  of  dispute 
whether  a  slight  anaesthesia  can  be  produced  by  the  electric  current. 
It  is  well  known  that  for  a  number  of  years  some  dentists  have  been 
accustomed  to  connect  the  forceps  for  extracting  teeth  with  one  pole 
of  an  electro-magnetic  apparatus  while  tlie  patient  rested  his  foot  on  the 
other  pole,  so  that  as  soon  as  the  forceps  seized  hold  of  the  tooth  a  cur- 
rent is  established.  Although  this  method  of  producing  ansesthesia  is  not 
now  received  witli  favor,  there  is  no  question  that  the  electric  currents 
do  have  a  slight  benumbing  effect  The  results  of  various  experiments 
that  we  have  from  time  to  time  performed  in  this  department  seem  to, 
be  conclusive.  We  have  had  teeth  extracted  while  a  strong  feradic 
turrent  was  passing  through  the  jaw,  and  feel  assured  from  this  personal 
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experience  that  the  electricity  caused  the  pain  to  be  less  sensitively  felt. 
That  the  pain  caused  by  the  prick  of  a  pin,  for  example,  is  less  sensi- 
tively felt  when  a  strong  faradic  current  is  passing  through  the  part 
-where  the  puncture  is  made,  we  have  practically  demonstrated  oi.  the 
fcand  and  other  parts  of  the  body. 

Althaus*  arrived  at  the  conclusion  that  the  electric  current  could  pro 
■dace  an  anaesthetic  or  slightly  paralyzing  effect,  from  experiments  on 
«he  nerve-trunks,  as  the  ulnar  and  sciatic.  His  method  of  operating 
%'ss  to  place  the  positive  pole  over  some  point  where  the  nerve  was 
supcnicial,  and  the  negative  over  some  one  of  the  terminal  branches, 
keeping  up  the  action  of  the  current  for  fifteen  minutes,  with  the  result 
of  ptoducing  a  feeling  of  numbness,  and  less  sensitiveness  to  the  cur- 
rent- Knorr,  of  Munich,  has  availed  himself  of  the  anaesthetic  effects 
cf  electri£ation  for  opening  felons  and  buboes. 

We  have  also  experimented  on  inflamed  and  irritated  raucous  mem- 
branes. In  rhinitis,  phar)'DgJtis.  and  lar}'Tigitis,  we  have  for  three  years 
been  accustomed  continually  to  make  use  of  the  benumbing  effects  of 
electrization. 

It  has  a  very  slight  anasthetic  effect  on  irritated  and  inflamed  mucous 
membrane,  and  those  on  whom  it  has  been  employed  desire  to  have  the 
applications  repeated.  Our  custom  has  been,  in  some  cases,  to  use  local 
faradization  after  the  application  of  caustics  and  other  irritants,  in  order 
to  relieve  the  very  annoying  pain  that  they  so  often  cause,  or  in  any 
irritable  condition  of  the  parts. 

A  French  physician,  M.  Victor  Revillout,  has  obtained  similar  result* 
torn  applications  of  the  faradic  current  to  the  uterus  after  cauteriza- 
♦ion.f 

EUctrical  ExcitabilUy  of  the  Skin. — TschiriewJ  and  De  Watteville 
have  pointed  out  a  method  by  which  the  absolute  and  relative  excita- 
bility of  the  cutaneous  nerves  can  be  readily  tested.  The  principles 
of  their  method  are  :  ist.  Elimination  of  all  the  sources  of  variation  in 
die  strength  of  the  currents  due  to  the  variable  thickness  of  the  epi- 
dermiS)  and  the  different  positions  of  the  electrodes,  etc.,  by  intercalat- 
ing in  the  circuit  such  resistances  as  to  make  such  variations  insignifi- 
cant. 2d.  EUmination  of  the  variable  abundance  of  nervous  elements 
in  the  skin,  by  exciting  it  at  a  constant  number  of  points,  dispersed 
over  a  constant  surface. 


*  Medical  Electricity.     l86a     pp.  l66,  167. 

f  Archives  Ginh-ales  de  Midecine.     September,  1S6S.     p.  35& 
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Direct  Application. — It  Ihas  been  shown  by  Fritsch  and  Hitzig  thai 
in  the  cerebral  convolutions  there  are  centres  for  the  production  of 
voluntary  muscular  movements  in  various  parts  of  the  body.  These 
physiologists  took  off  the  upper  part  of  the  skull  of  a  dog,  and  by 
means  of  weak  galvanic  currents  excited  the  exposed  brain,  locating 
the  current,  as  far  as  ]>ossibIe,  in  small  portions.  They  found  th.ai 
when  certain  definite  portions  of  the  anterior  convolutions  were  excited^ 
movements  were  caused  in  certain  groups  of  muscles  on  the  opposite  sidt 
of  the  body.  Continuing  their  researches,  they  showed  that  there  are 
definite  nerve-centres  for  the  nerves  that  preside  over  the  muscles  of 
the  neck,  the  foot,  and  the  face,  for  the  extensor  and  adductor  muscles 
of  the  forearm,  and  for  the  flexor  and  rotator  muscles  of  the  arm. 

Prof  Ferrier,  of  King's  College,  London,  has  made  similar  researches 
with  ihsfaradic  current,  and  with  it  has  investigated  the  brains  of  fish, 
frogs,  dogs,  cats,  rabbits,  guinea-pigs,  and  monkeys.  He  has  studied 
not  only  the  cerebnim,  but  the  cerebellum,  the  corpora  quadrigemina, 
and  other  portions  of  the  brain.  Electrization  of  the  optic  thalami 
produced  no  result.  Electrization  of  the  corpora  striata  caused  the 
limbs  to  be  flexed.  Electrization  of  the  anterior  tubercles  of  the  corpora 
quadrigemina  caused  dilatation  of  the  pupils  and  opisthotonus  ;  while 
electrization  of  the  posterior  tubercles  caused  the  animal  to  make  all 
sorts  of  noises.  Electrization  of  the  cerebellum  caused  movements  of 
the  eyeballs.  Dr.  Beard  *  has  carefully  studied  this  subject  on  the  brains 
of  dogs,  rabbits,  cats,  and  pigeons.  He  used  both  currents,  mild,  me- 
dium and  strong,  and  studied  also  the  question  of  difl'usion  of  currents. 
His  provisional  conclusions  were,  that  the  surface  of  the  brain  was 
electrically  excitable  ;  that  the  theory  advanced  by  Dupuy  and  other 
French  observers,  that  the  excitation  was  due  to  the  diffusion  of  the  cur- 
rents to  the  central  ganglia,  was  not  tenable.    Dr,  Bartholow  f  had  made 
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tzniilax  expenments  on  the  brain  of  a  living  voman,  exposed  by  can- 
cerous disease. 

Effects  of  External  Galvanization  of  the  Brain. — The  leading  eflFecl 
of  medium  and  strong  galvanization  of  the  brain  by  external  application 
ra  the  living  human  subject  is  different.  When  one  electrode  is  placed 
on  the  for-rhead  and  the  other  on  the  occiput,  or  one  on  the  summit  of 
the  head  and  the  otlier  on  the  stomach,  galvanization  is  followed  by 
little  if  any  tendency  to  vertigo.  When  a  current  of  even  feeble  tension 
b  passed  from  temple  to  temple,  or  from  one  mastoid  bone  to  its  fellow, 
very  decided  diziiness  is  at  once  perceived,  which  continues  during  the 
operation  of  the  current,  and  becomes  most  decidedly  manifested  at  the 
moment  tlic  circuit  is  broken. 

During  the  passage  of  the  current  there  is  a  very  marked  and  quite 
uresistibie  tendency  to  lean  toward  the  positive  pole,  while  objects  in 
view  seem  to  move  in  the  same  direction.  When  the  circuit  is  opened 
there  is  a  reversal  in  the  direction  of  the  seeming  movements,  and  the 
experimenter  instantly  bends  in  the  opposite  direction  toward  the  nega^ 
tive  pole. 

For  these  phenomena  an  ingenious  and  plausible  explanation  is  given 
by  Hitzig.  When  the  current  passes  from  the  forehead  to  the  occiput, 
the  right  and  left  lobes  of  the  brain  and  all  that  pertains  to  them  are 
e«juj.Uy  or  symmetrically  influenced,  and  little  if  any  dizziness  is  per- 
coned.  Place,  however,  the  anode  upon  one  temple  and  the  cathode 
upon  the  other,  and  mark  the  readiness  with  which  dizziness  is  produced. 

In  this  operation  tiie  brain  is  no  longer  symmetrically  affected.  O^ie 
hemisphere  is  in  a  condition  of  anelectrotonos,  or  diminished  irritability, 
while  the  other  is  in  a  condition  oi  catelectrotonos,  or  increased  irrita- 
biUty,  or,  as  it  is  expressed,  there  is  a  faUi&cation  of  the  muscular  sense, 
a  disturbance  of  the  equilibrium,  and  the  apparently  involuntary  incli- 
iiation  toward  the  anode  is  in  reality  a  voluntary  effort  to  restore  the 
imaginar}'  loss  of  balance. 

Hitzig  indicates  several  degrees  of  galvanic  giddiness. 

1.  A  mere  sense  of  fulness  in  the  head.  This  feeling  Ls  caused  by  a 
mild  current  when  broken,  but  not  usually  when  the  current  is  running, 
nor  so  markedly  when  the  current  is  closed.  Certain  temperaments, 
Uowever,  experience  this  feeling  not  only  when  the  current  is  broken, 
Imt  also  when  it  is  running. 

2.  Apparent  movements.  These  are  produced  by  stronger  currents 
Objects  when  the  current  is  running  appear  to  go  from  the  positive  to 
the  nejjative  pole  ;  when  the  current  is  broken  the  apparent  movement 
if  rcvei  scd. 
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3.  Staggtrmg.  This  is  produced  by  stronger  currents.  In  in»prcs» 
ible  temperaments  very  luild  currents  may  produce  it- 

Moxtmcnts  of  the  Eyes. — Movements  of  the  eyeballs  have  also  beec 
observed  by  Hiti:ig  duriug  the  second  and  third  stages  of  duxiness. 
When  a  strong  current  goes  transversely  through  the  head,  aod  its 
direction  is  changed,  movements  of  the  eye,  resembling  nystagmos, 
appear.  There  is  a  jerk,  and  then  a  further  movemenL  If  the  positive 
pole  be  in  tlie  right  mastoid,  and  the  negative  in  the  left,  both  eyes  are 
jerked  toward  the  left,  and  kept  there,  provided  the  ctirreot  be  sufll- 
ciently  strong. 

There  are  anatomical  reasons  for  supposing  that  the  brain  can  be 
more  easily  affected  in  the  mastoid  and  occipital  r^ioos  than  in  the 
anterior  portion.  A  large  vein  connects  the  transverse  sinus  with  the 
posterior  auricular  veins,  and  with  the  posterior  meningeal  arter)*  into 
the  skull  through  the  mastoid  foramen.  In  the  occipital  region  a  vein 
connects  the  transverse  sinus  with  the  vena  cervicalis  profunda  through 
the  posterior  condyloid  foramen.* 


SPtXAL    CORD. 


Rigid  cramps  of  all  the  muscles  of  the  trunk  and  extremities  follow 
electrization  of  the  spinal  cord  when  an  electrode  is  placed  at  either 
extremity  of  the  cord.  Cramps  of  the  same  character  are  also  pro- 
duced when  one  electrode  is  applied  to  the  anterior  and  the  other  to 
Ihe  posterior  column,  either  at  their  upper  or  lower  extremities. 

If  the  spinal  cord  be  divided  at  about  its  centre  and  the  lower  half 
electrized,  only  the  muscles  of  the  lower  or  hinder  limbs  will  contract. 
If  the  up|>cr  half  be  electrized,  only  the  muscles  of  the  fore  limbs  will 
enter  into  contraction.  The  results  will  be  the  same,  whether  the  cut 
extremities  axe  separated  or  brought  in  close  contact,  in  which  latter 
condition  no  impediment  is  offered  to  the  passage  of  the  current. 
The  above  researches  of  Weber  have  been  confirmed  by  Dr.  Beard's 
experiments  on  dogs  and  rabbits.  The  effects  are  prodoced  by  both 
currents. 

Inhibitory  Ej^tHs, — At  the  moment  of  dosing  and  breaking  a  gal 
vanic  current  its  action  upon  the  oord  is  twrnifest  bf  the  contraction  of 
the  musdes  of  the  body  and  limbs  ;  bat  daring  tbe  passage  of  the  ciu- 
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rent  no  contractions  are  observed,  and  a  paralyzing  effecl  soon  takei 
place.  The  cord  remains  insensible  to  any  stimulus  that  may  be  ap 
plied  to  it  as  long  as  ihe  current  is  passing,  but  at  its  cessation  any 
mechanical  irritation  will  give  rise  to  the  usual  tetanic  convulsions. 
This  diminution  of  excitability  is  confined  alone  to  the  spinal  cord,  for 
if  the  motor  nerves  and  muscles  are  traversed  by  an  induced  current 
(while  the  cord  is  under  the  influence  of  the  galvanic)  they  contract 
vigorously.  The  galvanic  current  applied  through  the  spinal  cord  for  a 
long  time  produces  paralysis 

According  to  Mayer,  if  a  mild  faradic  current  be  ajjplied  to  the  cervi- 
cal region  of  frogs  that  are  in  an  irritable  condition,  movements  of  the 
lower  extremities  occur.  Electrization  of  the  posterior  columns  pro- 
duces these  movements  easier  than  electrization  of  the  anterior  col- 
umns. If  the  posterior  columns  are  removed  no  movements  occur.  If 
the  cord  is  divided  into  halves,  posteriorly  and  anteriorly  from  above 
nearly  down  to  the  origin  of.  the  sciatic  nerve,  electrization  of  the  pos- 
terior half  produces  movements,  but  electrization  of  the  anterior  does 
ooL  If  the  posterior  roots  on  the  trunk  of  the  brachial  nerve  are  elec- 
tmed,  the  movements  are  produced  just  as  when  the  cord  itself  is  elec- 
trized. Fick,  however,  declares  that  the  anterior  columns  respond  to 
(aradixation. 

Cilio-spinal  Centre. — ^The  cervical  sympathetic  nerve,  which  animates 
the  radial  fibres  of  the  iris,  takes  its  rise  fron;  the  spinal  cord  between 
the  seventh  cervical  and  the  sixth  dorsal  vertebrae. 

If  this  portion  of  the  cord  be  galvanized,  the  excitation  is  transmitted 
to  the  cervical  sympathetic  nerve,  and  thence  to  the  iris,  producing  dila- 
tation of  the  pupil.  This  point  has  been  termed  by  Budge  and  Waller 
the  eentrum  eiliO'SptnaJe.  A  ganglion  near. the  fifth  lumbar  vertebra 
which,  on  being  electrized  in  animals,  produces  contractions  of  the  rec- 
tum and  bladder,  is  called  the  ganglion  gcnitospinaU. 

The  first  of  these  points,  the  centrum  cilio-spinale,  can  be  demon- 
ctrated  by  external  applications  both  of  the  galvanic  and  faradic  cur- 
rents, and  is  of  great  importance  in  general  faradization.  The  ganglion 
genitospinale  also  is  probably  directly,  though  not  so  demonstraMy, 
affected  by  external  electrization  of  the  spine. 
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nerves  m  their  pathway,  yet  on  physical  or  physiological  principles  we 
cannot  expect  the  same  results  as  when  the  one  or  both  poles  are  di- 
rectly applied  to  the  nerves.  In  external  applications  it  is  the  derived 
cnrrents  that  pass  through  the  nerves,  and  direct  polar  effect  is  not 
gained.  When  we  consider  that  the  currents  in  passing  from  one  pole 
to  the  other  diffuse  themselves  into  numberless  undulatory,  diverse  cur- 
rents, it  is  easy  to  see  that  only  a  small  part  of  the  electric  influence 
will  be  appreciated  by  such  small  nerves  as  the  sympathetic  ganglia  or 
the  pneumogastric  In  the  body  between  the  electrodes  the  cunrcnti 
act  like  diffused  light ;  at  the  electrodes  the  currents  act  like  light  con 
centrated  to  a  focus.  If  currents  of  sufficient  power  could  be  borne 
externally,  it  is  possible  that  by  single  external  applications  there  could 
be  produced  all  the  effects  that  are  obtained  by  direct  apphcations  to 
the  nerves  themselves ;  but  this  is  hardly  probable,  for  the  twofold  rea- 
son that  the  differential  polar  effect  could  not  be  obtained,  and  that 
the  great  stimulation  of  each  of  the  electrodes  on  the  siuface  would 
complicate  the  experiment.  These  considerations,  as  it  seems  to  us, 
sufficiently  explain  what  to  many  has  been  regarded  as  a  great  diffi- 
culty— that  the  ordinary  therapeutical  measures  for  electrizing  the  sym- 
pathetic do  not  produce  the  same  effects  as  direct  applications  to  the 
ganglia. 

That  the  sympathetic  and  the  pneumogastric  are  traversed  by  the  cur- 
rent when  the  electrodes  are  placed  on  the  surface  of  the  neck,  is  suffi- 
ciently probable  from  the  known  laws  of  electric  conduction.  When 
one  electrode  is  placed  at  the  nape  of  the  neck,  and  the  other  at 
the  anterior  border  of  the  stemo-cleido-mastoid  muscle,  the  current, 
whether  faradic  or  galvanic,  however  widely  it  may  radiate,  and  however 
numerous  the  branch-currents  may  be,  must  by  physical  necessity  trav- 
erse the  sympathetic  and  pneumogastric.  There  is  no  more  prob- 
ability that  it  will  go  out  of  its  way,  in  violation  of  physical  laws,  and 
avoid  these  ner>'es,  than  that  a  storm  sweeping  between  New  York  and 
Brooklyn  will  take  a  circuitous  march  and  avoid  the  East  River. 

These  nerves — the  sympathetic  and  pneumogastric — and  the  tissues 
by  which  they  are  surrounded,  are  good  conductors,  very  much  superior 
in  conductivity  to  the  skin,  and  of  almost  the  same  conductivity  as  the 
muscles ;  and  even  if  some  branch  or  derived  currents  pass  through 
other  tissues,  as  unquestionably  is  the  case,  tliese  nerves  cannot  be 
wholly  avoided,  and  when  the  electrodes  are  in  central  positions  they 
ue  probably  the  highway  through  which  nearly  the  entire  charge 
passes. 

But  stronger  than  the  analogies  of  electro-physics,  and  more  con 
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This  condiuioo  Ibllowi  as  a  logical  result  from  tbe  anatODUcal  rela- 
tion of  tbe  poits  and  finom  idiat  b  known  of  the  electro-conductivity  of 
the  body,  and  is  pretty  distinctly  demonstrated  by  the  physological  and 
therapeutical  action  of  the  current  when  externally  applied.  In  what- 
ever position  we  place  the  electrodes,  the  derived  currents,  in  passing 
from  one  electrode  to  the  other,  must  traverse  some  portion  of  both  of  the 
great  nerve*.  The  base  of  the  brain  and  the  region  of  the  neck  constitute 
ihc  nio«t  important  part  of  the  central  nervous  system.  So  far  as  life 
can  be  said  to  have  any  centre,  it  is  here,  where  the  pneumogastric,  the 
phrenic,  and  the  other  great  nerves  take  their  origin.  Directly  or  indi- 
rectly, by  the  actual  passage  of  the  current,  or  by  redex  action,  any  part 
of  this  important  region  is  liable  to  be  affected  in  the  applications  em- 
ployed in  the  so  called  galvanization  of  the  cervical  sympathetic 

Cl  [%  parity  on  account  of  this  difficulty  of  limiting  the  action  of  the 
currtrtit  t(j  one  or  other  of  these  great  nerves  that  we  treated  them  both 
under  the  same  chapter.  When  operating  on  these  nerves,  exposed 
and  laid  bare  and  isolated,  the  action  of  the  current  can,  of  course,  be 
limited  prctly  exclusively  to  the  nerve  operated  on.  The  cervical 
gangliu  of  the  sympathetic  receive  the  chief  attention  in  ail  these  ob- 
scrvutionaj,  because  tliey  are  prominent  and  accessible  and  bear  a 
powerful  and  recognized  influence  over  the  cerebral  circulation  ;  but 
all  the  ganglia  of  the  sympathetic  are  accessible  to  the  electrical  influ- 
ence. 

Action  0/  EUetricity  on  the  Cranial  Portion  of  the  Sympathetic. — In 
1737  M.  Pourfour  du  Petit  discovered  that  the  following  symptoms  re- 
sulted from  division  of  the  cervical  filaments  of  the  sympathetic  ner/e, 
vi«.  :  ct»ntr:irtion  of  the  pupil,  redness  and  injection  of  the  conjunctiva, 
juul  tlAitcning  of  the  cornea;  the  eyelids  approach  each  other,  the 
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^  nictitating  membrane  becomes  more  prominent^  the  secretion  from  the 
H  mucous  surfaces  of  the  eye  is  increased,  and  the  eyeball  is  drawn  fur- 
ther into  the  orbit.      In  addition  to  these  symptoms,   the  ears  and 
nostrils  also  become  red  and  injected,  and  the  head  lotter  and  more 
setifiitiTe. 

Claude  Bernard  observed  that  not  only  did  all  these  phenomena  dis- 
appear when  the  cranial  portion  of  the  nerve  was  submitted  to  electri- 
zation, but  that  quite  reverse  phenomena  appeared.  The  pupil  be- 
came  larger  than  natural ;  the  conjunctiva,  the  ears,  and  the  nostrils  be- 
came quite  pale  ;  the  eyeball  protruded  from  its  orbit  ;  the  mucous 
l^urfaces  became  drier,  and  the  head  cooler  and  less  sensitive  ;  but  as 
on  SLS  electrization  was  discontinued,  al!  the  phenomena  caused  by 
l;the  section  of  the  nerve  again  appeared. 

Electrization  of  the  great  sympathetic  bejore  it  is  divided  produces 
almost  precisely  ttie  same  results  as  after  division.     It  has  been  ob- 
served by  Weber,  that  if  either  the  inferior  cervical  ganglia  of  the 
Lsvmpathetic  nerve  or  its  cardiac  branches  are  submitted  to  electrization, 
Itbc  action  of  the  heart  is  accelerated. 

Action  of  Electricity  on  the  Cephalic y  Thoracic ^  and  Abdominal  Gan- 
glia.— Section  of  the  sympathetic  causes,  as  we  have  seen,  increase  of 
heat  in  the  ear. 

I    Now  if  the  cephalic  end  of  the  divided  sympathetic  is  electrified,  the 
increased  temperature  of  the  part  is  lowered  ;  but  if  the  electric  current 
be  passed  through  the  large  diameter  of  the  ear,  the  temperature  is  further 
increased.     On  the  other  hand,  if  there  has  been  no  division  of  the 
sympathetic,  and  the  ear  is  electrified,  the  heat  in  that  part  is  lessened. 
Valentin  found  that  the  galvanization  of  the  superior  thoracic  gan- 
glia revived  the  pulsation  of  the  heart  after  it  had  ceased,  and  increased 
I  the  frequency  of  the  beats  when  already  in  action.     Mild  galvanization 
the  splanchnic  nerves  that  arise  from  the  six  lower  dorsal  ganglia 
[of  the  sympathetic  increases,  while    strong  galvanization  diminishes^ 
the  peristaltic  action. 
Effect  of  direct  EUctritaticn  of  the  Pnrumogastric  and  on  the  Respi- 

t  ration, — MM.  Arloing  and  Tripier  have  shown  that  section  of  the 
pncumogastric  below  the  medulla  oblongata  so  far  modifies  its  irrita* 
biUty  that  the  action  of  the  heart  is  not  arrested,  or  but  for  a  short  time, 
by  the  faradization  of  the  distal  end  of  the  cut  pneumogastric 
The  same  authors  believe  that  weak  faradic  currents  cause  a  slight 
bcrease  in  the  rapidity  of  the  beats  of  the  heart  and  elevation  of  the 
Mood-pressure  in  the  arteries. 

They  found  that  the  right  pneumogastric  has  a  more  powerful  infiu 
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etice  over  the  heart  than  the  left.  Fanduatioi:  of  the  { enpheral  crwf 
of  the  divided  pDeomogastric  causes  anest  of  the  acdcn  of  the  heart, 
siidden  irregularities  of  its  ihythm,  and  some  Aounution  of  pressure. 
Faradization  of  the  centra]  end  caases  retarded  and  diminished  pres- 
sure. 

According  to  MM.  Arloing  and  Tripier,  faradization  of  the  intaa 
pneumogastric  wi^ix  feeble  currents  does  not  accelerate  respiration ;  fara- 
dization with  medium  currents  caases  sodden  inspiration  and  forced 
expiration  ;  faradization  with  strong  and  powerful  currents  causes  re- 
flex coughing  and  vomiting.  The  same  observers  found  that  the  left 
pneumogastric  has  a  more  powerful  influence  over  respiration  than  the 
right. 

The  discovery  that  the  right  pneumogastric  has  a  greater  power  over 
the  heart  than  the  left,  was  made  by  Masoin,  of  Belgium,  about  the  same 
time  as  it  was  made  by  Arloing  and  Tripier.  Masoin  found  the  move- 
ments of  the  heart  were  stopped  by  the  galvanization  of  the  left  pneumo- 
gastric It  was  possible  to  restore  the  movements  by  a  mechanical  ex- 
citation, such  as  striking  the  heart  with  the  6nger  ;  but  after  the  move- 
ments were  stopped  by  galvanization  of  the  right  pneumogastric,  it  was 
not  possible  to  restore  them  in  that  way. 

Dr.  Brown-S^quard  *  states  that  he  has  found  the  same  differences  to 
exist  in  men  as  in  animals,  judging  from  experiments  made  not  by  electri- 
city, but  by  pressing  on  the  nerves  near  the  angle  of  the  jaw. 

Arrest  of  Respiration  by  Galvanization  of  the  Laryngeal  and  other 
Branches  of  the  Pneumogastric. — It  has  been  shown  by  Brown-S^quardf 
that  electrization  of  the  upper  or  the  lower  lar)Tigeal  nerves  causes 
arrest  of  the  respiration,  and  Bidder  has  shown  that  a  reflex  spasm  of 
the  glottis  may  be  caused  in  the  same  way.  Electrization  of  the 
oesophagus  and  pharynx  may  sometimes  produce  the  same  effect  If 
the  upper  laryngeal  nerve  is  electrized  after  the  chest  is  opened^  the 
arrest  of  the  respiration  does  not  take  place  as  easily  as  when  the 
chest  is  not  open.  The  respiration,  when  thus  arrested,  usually  re- 
turns in  the  course  of  a  quarter  or  half  a  minute,  whether  the  electriza- 
tion is  continued  or  not. 

The  effect  of  electrizing  the  pneumogastric  on  the  respiration  ii 
modified  by  two  factors — the  portion  of  the  nerve  that  is  electrized 
and  the  strength  of  the  current.  Mild  galvanization  of  the  pneumogas- 
tric in  the  lower  part  of  the  neck  may  increase  the  respiratory  move 


•  Artkives  of  Seieittific  and  Proftital  Medieim*    Juiimry,  1875,  p.  ga., 
4  Loc.  dt.,  p.  96. 
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tacnts  ;  wqak  electrization  in  the  upper  part  of  the  neck,  near  the  origin 
L  of  the  nerve,  may  arrest  respiration. 

A  mild  current  may  increase  the  respiration  or  diminish  it,  or  it  may 
tiave  no  effect  whatever. 

A  medium  current  may  arrest  respiration  and  cause  spasm  of  the 
glottis  and  of  the  muscles  of  inspiration. 

A  powerful  current  may  paralyze  the  diaphragm,  and  may  produce 
death  without  the  accompanying  symptoms  of  agony.* 

Caughing. — A  prominent  effect  of  electrizing  the  pneumogastric  is 
fpughing.  This  symptom  may  be  excited  by  external  as  well  as  b> 
tntemal  applications,  and  by  the  faradic  as  well  as  by  the  galvanic 
curren 

Wc  made  our  first  experiments  in  this  direction  in  1867.  Dr.  Rock- 
well then  observed  that  the  application  of  either  pole  of  a  strong  faradic 
cuirent  to  the  nape  of  the  neck — the  other  pole  being  at  the  feet,  or  in 
cither  hand,  or  at  the  pit  of  the  stomach — excited  in  sensitive  patients 
quite  severe  attacks  of  coughing,  that  lasted  so  long  as  the  pole  remained 
in  position.  Most  clearly  this  effect  was  seen  in  thin  and  sensitive  pa- 
tients. It  was  not  necessary  to  be  partiailar  in  regard  to  the  position 
of  the  pole  on  the  neck  in  order  to  excite  this  symptom  ;  not  only  in  the 
cilio-spinal  centre,  but  even  when  the  pole  is  as  low  down  as  the 
first  and  second  dorsal  vertebras,  the  laryngeal  branches  of  the  pneu- 
mogastric may  be  so  irritated  as  to  induce  coughing. 

This  phenomenon  we  daily  observed  in  the  operation  of  general 
Cajadization.  The  same  effect  follows  the  use  of  strong  interrupted  gal- 
vanic currents. 

According  to  Donders,  the  pneumogastric,  when  acted  upon  by  the 
gaivanic  corrent,  conforms  to  PflUger's  law  of  contraction;  in  the 
region  of  anelectrotonos  its  irritability  is  lessened  ;  in  the  region  of 
catclectroionos  its  irritability  is  sometimes  increased. 

Action  of  External  Applications  of  Electricity  on  the  Pneumogastric 
and  Cervical  Sympaihetic  of  Iiz>ing  uninjured  Men. — The  experiments 
above  recorded  were  made  chiefly  on  the  exposed  nerves  of  animals,  and 
the  applications  were  made  directly  to  the  nerves  by  one  or  both  poles. 
Keeping  in  mind  the  considerations  previously  adduced,  we  proceed  to 
examine  into  the  effect  of  external  applications  of  electricity  on  the 
cervical  sympathetic  and  the  pneumogastric  of  living  men  m  health. 

In  our  attempts  to  solve  the  problem,  wc  have  experimented  on  a 

•  ArfkitHM  af  Sci<HtiJie  and  Praetitrl  Medicine^  No.  I,  1 873,  p.  96.     Wbethe* 
dhcK  csperinKDU  were  perfonned  with  the  raradic  or  galvanic  correat  i'  not  dia 
riut«d. 
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large  variety  of  individuals  of  different  ages  and  by  different  metliods  < 
a[)plicadon.  One  of  the  electrodes  is  placed  in  the  mastoid  fossa,  and 
the  other  over  the  seventh  cervical  vertebra,  or  at  the  top  of  the  clavicle. 
Both  directions  of  the  current  are  used.  We  used  in  these  experiments 
a  zinc  carbon,  or  the  Sraee's  battery,  of  from  5  to  30  cells,  from  i  to  5 
or  10  minutes. 

The  general  results  of  our  researches  may  be  thus  summed  up  : 

1,  A  slight  fuling  of  drowsiness.  This  sometimes  began  to  be  pcr- 
ccjptible  shortly  after  the  electrodes  were  applied,  increased  up  to  a 
certain  point,  and  continued  for  some  little  lime  after  the  stance  was 
over.  In  many  cases  it  is  not  observed  until  the  lapse  of  five  or  ten 
mjaules  after  the  siance.  The  feeling,  which  was  by  no  means  con- 
stant, was  usually  so  slight  that  it  might  not  have  been  observed,  had 
we  not  in  our  experiments  kept  closely  on  the  watch  for  every  sensa- 
tion experienced  during  or  just  after  the  application. 

Some  individuals  are  amazingly  susceptible  to  this  soporific  effect  of 
galvanization  of  the  neck.  A  young  lady  whom  we  were  treating  for 
facial  acne  by  central  galvanization,  was  frequently  put  right  to  sleep 
within  on€  minute  after  the  application  began.  Her  eyes  would  close 
and  her  head  would  droop  and  nod  ;  and  when  tlie  electrodes  were 
removed  she  would  awake  but  slowly,  and  with  a  vacant  look  and 
drowsy  feeling,  such  as  we  all  experience  when  we  are  suddenly  roused 
ft-om  a  nap.  This  effect  followed  any  sort  of  application  around  the 
neck  with  either  pole  and  in  any  direction. 

On  the  accepted  theory  that  a  state  of  cerebral  anaemia  predisposes 
to  sleep,  we  should  reason,  a  priori^  that  electrization  of  the  sympa- 
thetic ought  to  induce  a  feeling  of  drowsiness,  since  on  some  individ- 
uals it  unquestionably  diminishes  the  current  of  blood  in  the  brain,  and 
experimentally  we  have  found  that  it  does  thus  induce  a  slight  and 
temporary  disposition  to  sleep,  although  this  result  is  probably  far  less 
larked  than  it  would  be  if,  without  injury  to  the  living  subject,  the 
application  could  be  made  directly  to  the  ganglia,  and  this  effect  is  by 
no  means  uniform,  but  varies  with  the  strength  of  the  currents  and 
with  the  temperament  of  the  individual. 

2.  A  feeling  of  wanmth  through  the  system  with  sensible  perspiratwn. 
This  was  not  a  constant  symptom,  though  it  was  oftenrimes  very 
decided.  To  produce  sensible  perspiration  usually  requires  a  strong 
current  and  a  long  application.  The  extent  to  which  this  was  felt  was 
manifestly  dependent  on  the  strength  of  the  current  and  the  length  of 
the  application.  It  was  usually  felt  but  a  short  time  after  the  stance 
WIS  completed.     We  have  observed  this  effect  more  frequeatly  aa<? 
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oore  markedly  Ln  the  susceptible  and  nervous  than  in  the  cold  and 
phlegmatic,  and  most  frequently  in  more  or  less  pathological  cases. 

J.  A  marked  effect  on  the  pulse.  The  pulse  was  sometimes  accele- 
nted,  but  more  frequently  lowered,  two,  three,  four,  or  more  beats. 

In  order  to  determine  the  effects  of  electrisation  of  the  sympathetic 
on  the  pulse,  we  made  the  examinations  immediately  before  and  irame* 
diatcly  after  the  applications.  Every  preciutjon  was  taken  to  avoid 
error,  by  allowing  an  interval  of  rest  before  the  sitting,  in  order  to  give 
time  for  the  subsidence  of  the  pulse  to  its  natural  condition  from  any 
excitement  that  it  may  have  received  from  the  exertion  of  walking  or 
the  labor  of  partially  disrobing.  In  cases  of  doubt  tlie  whole  minute 
was  counted,  in  some  instances  several  times  in  succession.  A  patient 
unaccustomed  to  the  sensation  produced  by  the  electric  current,  or  to 
the  modus  operandi  of  its  employment,  might  experience  an  accelera- 
tion of  the  pulse  from  simple  mental  excitement,  not  only  prior  to  or 
at  the  commencement  of  the  sitting,  but  also  during  or  after  the  appli- 
catioD.  Error  from  this  cause  was  in  our  cases  manifestly  ini{x>ssible^ 
and  all  the  others  on  whom  we  experimented  with  a  view  to  obtain 
physiological  results  were  so  well  familiarized  lo  the  medical  employ 
ment  of  electricity  that  they  would  receive  any  treatment  proposed 
with  cool  indifference.  In  order  stiU  further  to  guard  against  error,  and 
at  the  same  time  to  observe  the  continuance  or  permanency  of  the 
effect  of  the  experiments,  we  repeated,  in  some  instances,  our  exami- 
nations of  the  pulse  at  intervals  of  fifteen  minutes  or  half  an  hour  after 
the  sitting  was  over. 

A  corroborative  evidence  that  these  changes  in  the  pulse  were  due 
to  the  action  of  the  current,  and  not  to  mental  excitement,  is  found  in 
the  fact  that,  after  an  interval  of  five,  ten,  or  fifteen  minutes,  the  pulse 
returned  to  its  original  condition. 

These  changes  in  the  time  of  the  pulse  were  also  accompanied  by 
perceptible  changes  in  its  character,  which,  if  careful  sphygmographic 
observations  had  been  made,  might  perhaps  have  been  reduced  to  some 
general  law. 

Eulenburg  and  Schmidt  found  that  when  the  positive  pole  of 
from  twenty  to  forty  of  Daniell's  elements  was  placed  at  the  manu- 
brium sterni^  and  the  negative  pole  in  the  auriculo-maxillary  fossa» 
the  pupil  of  that  side  was  at  first  slightly  dilated  and  afterwards  con- 
tracted. These  changes  in  the  pupil  are  by  no  means  uniform  in  theii 
appearance.  In  some  cases  they  appear  at  once  after  closing  the 
circuit,  and  in  others  after  the  lapse  of  half  a  minute  or  minv^e^ 
ard   in  others  after   interruptions.     These   phenomena  are   liable   tc 
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many  variations,  according  to  the  strength,  length,  and  locality  of  the 
applications.  If  an  electrode  is  placed  in  the  auricitlo-maxillary  fossa 
of  each  side,  the  changes  in  the  pupil  occur  on  both  sides,  but  are  more 
marked  on  the  side  on  which  is  the  negative  pole.  The  same  applica- 
tion, continued  for  some  time  with  a  strong  current,  reduced  the  normal 
pulse  from  4  to  i6  beats  a  luinute  and  the  pathological  pulse  even 
more,  diminished  the  tension  in  the  carotid  and  vertebral  arteries,  and 
markedly  altered  their  sphygmographic  tracings.  The  same  observers 
found  that  galvanization  of  the  spine  also  diminished  the  beats  of  the 
pulse. 

Effect  of  External  Ehctritafion  through  the  neck  on  the  Retinal 
Circulation, — ^In  order  to  determine  the  effect  of  external  applica- 
tions of  electricity  through  the  neck  on  the  retinal  circulation,  we  have 
made  many  experiments  with  the  aid  of  a  number  of  leading  ophthal- 
mologists. 

The&;  experiments,  which  have  been  frequently  repeated  with  dif- 
ferent individuals,  with  different  strengths  of  current,  and  with  different 
batteries,  seem  to  us  to  demonstrate  the  following  propositions  :  • 

1.  Galvanizing  or  faradizing  the  region  of  the  cervical  sjinpathetic 
has  a  marked  temporary  influence  over  the  retinal  circwlation.  It  may 
cause  contraction  of  the  arteries  or  dilatation  of  the  veins. 

2.  The  faradic  current  produces  precisely  the  same  effects  on  the 
retinal  circulation  as  the  galvanic,  only  more  slowly.  The  physiological 
difference  between  the  currents  in  this  respect  is  therefore  a  difference 
of  degree  and  not  of  kind. 

3.  Mild  currents  and  short  applications  caused  contraction  of  the 
blood-vessel  of  the  retina,  while  strong  currents  and  long  applications 
caused  dilatation.  Much  seemed  to  depend  on  the  temperament  and 
condition  of  the  individual.  IVftat  would  cause  contraction  in  one 
would  in  the  otiter  cause  dilatation.^  These  varying  effects  correspond 
with  clinical  experience. 

4.  When  the  patient  on  whom  the  experiment  is  made  is  in  an 
€xcited  or  irritable  condition  from  any  cause,  or  frojii  previous  electri- 
lalion,  even  a  mild  current  will  sometimes  cause  dilatation  at  once, 
without  any  early  contraction. 
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•  The  ophthalmologists  who  observed  the  retina  in  these  experiments  were  Dr*. 
Roosa,  Hackley,  Loring,  Malthewson,  Prout,  aad  Newton,  to  all  of  whom  wc  desirf 
to  return  our  acknowledgments. 

f  The  opposite  and  contradictory  results  obtained  by  diflerent  cbservers  who  have 
studied  the  effects  of  clitoral,  bromide  of  potassium,  etc.,  on  the  letinal  circoladoD, 
may  be  similarly  explained. 
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5.  The  contraction  which  takes  place  is  sometimes  followed,  a  few 
minutes  after  the  close  of  the  siance,  by  dila  ition  which  is  greater  thar 
normal. 

6.  The  dilatation  which  takes  place  is  sometimes  followed  by  con 
traction  after  the  close  of  the  seance. 

In  some  of  the  experiments  no  effect  on  the  retina  could  be  detected 
Impressible  and  nervous  temperaments  seem  to  exhibit  changes  in  thi« 
vascular  condition  of  the  retina  much  more  readily  than  cold  and  phleg 
made  temperaments. 

The  question  now  arises,  Whether  these  changes  in  the  retinal  ciroi 
lation  were  due  to  the  effect  of  the  current  on  the  sympathetic  or  on 
the  pneumogastric,  or  did  they  take  place  through  the  spinal  cord  or 
by  reflex  action  ? 

This  question  is  answered  by  comparing  the  results  of  these  experi- 
ments with  the  result  of  experiments  made  by  Duchenne  and  Prof. 
L^igeois,  of  Paris.  These  gentlemen  lard  bare  the  cervical  sympathetic 
in  a  rabbit,  and  electrized  it  with  both  currents  in  the  same  manner 
that  we  electrized  the  necks  of  the  individuals  on  whom  we  experimented. 
The  results  on  the  circulation  in  the  rabbit's  ear  were  in  every  distinc- 
tive feature  identical  with  the  results  on  the  retina  when  the  galvanic 
current  was  passed  through  the  neck  of  the  living  human  subject 

The  other  effects  of  galvanizing  the  region  of  the  cervical  sympathetic 
— dispKJsition  to  sleep,  sweating,  increased  circulation  in  the  extremities, 
etc — seem  to  confirm  these  physiological  observations. 

These  experiments  have  been  partially  confirmed  by  Onimus,  who 
has  shown  iliat  the  circulation  of  the  retina  may  be  influenced  by 
galvanization  of  the  cervical  Bympathctic.  He  observed  hyperaemia, 
bat  this,  as  we  have  shown,  is  not  a  constant  effect. 

Experiments  with  t/te  Sphygmo^raph. — We  have  made  experiments 
with  the  sphygmograph,  with  the  assistance  of  Dr.  L.  De  Forest  Wood- 
raff. 

For  assistance  in  tlie  study  of  sphygmography  we  are  under  obligationi 
to  Dr.  Roger  S.  Tracy.  .\  few  samples  of  the  observations  ai  e  repr©- 
lented  in  the  cuts. 


^A.  t*— Nortnal  puiH, 


No.  ■  — After  five  minutes   piliraiiizACion  of  the  tyotpathetic, 
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Fiom  these  experiments  we  derire  the  fiaOoving  ooodasioos : 
I.  Bolb   OBTcats-— £uacSc  and  f^hnaaic—^hen  appfied  in  nch  a 
wa^  as  to  rnvcsae  the  Tqgioa  of  the  neck  m  wiMcii  ibe  pnesnogiHftric 
aad  cerrkal  pui^ta  of  the  sympathetic  are  sitiiated,  naribedijr  affect 
Use  poke. 

a.  Tlie  efect  ia  dtety  dbovn  m  afantpCness  of  the  ayitole,  and  io 
dbrapteOB  of  die  db^tnlr,  and  in  Anttming  of  the  interval  between 
the  caidbc  h^iolse  aad  tin  arterial  ifwdseL  la  geoenl  it  maj  be 
the  kxcK  of  the  poise  is  iocxcased.  Its  tapificjr  laaj  be 
xesMd  or  dBwiaiiihrd,  j<nwdi«g  to  the  lengdi  of  the  appli> 
catioB  and  the  strength  of  the  omcnl,  and  aaalogf  woold  lend  ns 
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to  believe  that  the  effect  must  widely  vary  with  the  individual.  The 
jxlcrial  impulse  increased  probably  from  the  effect  on  the  vaso-motor 
Dcrvcs. 

3.  The  effect  of  general  faradization  was  to  prolong  the  systole  and 
*hc  interval  between  the  cardiac  and  the  arterial  impulse.  The  abrupt- 
ress,  and  the  systole  that  is  so  marked  during  and  after  faiauization 
through  the  neck,  was  not  observed  after  general  faradization.  A  calm- 
ing, soporinc  influence  is  very  frequently  produced  by  general  faradi- 
.xaiion,  and  the  effect  on  the  pulse  harmonises  with  this  observation. 

4-  These  effects  on  the  pulse  gradually  pass  away,  but  are  distinctly 
<iaceable  for  a  number  of  minutes  after  the  electrodes  are  removed. 

The  effect  of  the  current  thus  applied  on  the  circulation  is  probably 
a  complex  resultant  of  the  effect  of  the  electricity  on  the  pneumogas- 
Iric,  the  sympathetic,  the  depressor,  an«l  the  spinal  cord.  To  differen- 
tiate these  effects  is  manifestly  iui possible. 

In  this  connection  are  to  be  noted  the  later  investigations  of  Dr. 
Fischer,*  of  Munich,  on  the  effects  of  electrization  of  the  sympathetic. 
He  experimented  on  horses  and  cats,  irritating  the  nerve  directly^  with 
ihe  twofold  object  of  studying  the  blood-tension  in  the  cerebral  vessels 
and  the  changes  in  the  size  of  tlie  pupil.  The  general  results  of  these 
efforts  confirm  observations  previously  made,  and  especially  our  state- 
ment as  to  the  impossibility  of  accurately  localiring  currents  in  any 
ganglia  by  simple  external  applications.  Direct  faradization  of  the 
sympathetic  increased  the  blood-pressure  and  tension  of  the  artery,  and 
increased  the  frequency  of  the  pulse.  The  same  phenomena  were  ob- 
«erved  under  galvanization,  but  in  a  less  degree.  Faradization  of  the 
cx|N»ed  sympathetic  caused  very  marked  reactions  in  the  pupil,  while 
galvmnization  of  the  nerve  produced  comparatively  little  effect.  Wlien, 
liowever,  the  sympathetic  and  vagxis  were  simultaneously  submitted  to 
the  influence  of  galvanism  the  reactions  of  the  pupils  were  very 
marked.  Simultaneous  faradization,  however,  was  followed  by  no 
alterations. 

•  SchmidCt  JahrHcker.     No.  4. 
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Action  of  the  Galvanic  Current  on  the  Optic  Nerve. — The  galvanic 
current,  when  applied  to  the  eye,  causes  hoth^ashes  of  light  and  per- 
ception of  color. 

If  one  electrode  is  placed  on  the  tongue,  or  on  any  part  of  the 
mucous  surface  of  the  mouth  or  nose,  and  the  other  on  any  part  of 
the  surface  of  the  body,  the  flash  is  readily  perceived. 

The  character  of  these  flashes  is  variously  modified  by  the  strength 
of  die  current  and  the  suddenness  of  the  interruption.  The  terapera- 
raent  of  the  patient  also  modifies  the  reaction,  and  the  effect  of  the  two 
poles  is  usually  quite  different 

We  have  studied  this  subject  with  various  strengths  of  current,  and  on 
subjects  of  both  sexes  differing  widely  in  age  and  temperament. 

In  one  subject — a  young  man  of  nervous  temperament — the  positive 
pole  placed  over  the  eye,  with  a  medium  current  from  ten  zinc-carbon 
cells,  caused  a  white  central  spot,  with  a  light  areola.  The  white 
central  spot  varied  in  shape  between  that  of  a  quarter  or  half  to  a  full 
moon.  When  the  negative  pole  was  placed  over  the  eye,  the  central 
spot  appeared  of  a  bluish  or  purplish  color,  and  the  areola  was  the  same 
as  under  the  positive  pole.  In  both  cases  the  areola  seemed  to  consist 
of  waves  of  h'ght  radiating  from  the  centre  toward  the  periphery. 

In  making  these  experiments,  the  pole  that  is  placed  over  the  eye  is 
armed  with  a  soft  sponge,  and  is  pressed  firmly  on  the  closed  lid,  while 
the  other  is  applied  at  the  back  of  the  neck,  or  is  held  in  the  hand  of 
the  subject. 

In  another  subject,  a  young  physician  of  good  health,  and  nervo- 
sanguine  temperament,  the  positive  pole  from  a  current  of  six  cells  caused 
a  central  disk  of  a  pink  color,  and  from  this  spot  violet  waves  radiated 
through  the  areola.  The  pink  disk  appeared  when  the  current  was 
closed,  the  violet  areola  flashed  out  when  the  current  was  broken.  The 
negative  pole  produced  reactions  every  way  similai.  This  subject 
could  not  bear  very  strong  currents. 
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everal  other  physicians  on  whom  we  experimented  could  not  dis 
duguish  any  central  disk,  but  all  could  readily  see  the  light  areola. 

The  conclusions  from  the  above,  and  numerous  similar  experiment! 
made  in  different  individuals,  are  as  follows  : 

I.  A  mild  as  well  as  a  strong  galvanic  current  applied  to  the  eye,  and 
micrrupted,  causes  a  flash  or  glimnter  of  light  to  appear. 

a.  A  medium  or  strong  galvanic  current  causes,  in  addition  to  the 
flash  of  light,  a  distinct  central  spot  of  varying  shape,  and  both  the 
central  spot  and  the  areola  may  be  of  various  colors,  as  pink,  purple, 
3renowi&h,  and  violet. 

3.  With  some  individuals,  though  tiot  with  all,  the  colors  of  the  central 
spot  and  of  the  areola,  and  their  relative  arrangement,  appear  dif- 
ferently under  the  two  poles,  and  also  differently  at  the  closing  and 
opening  of  the  circuit. 

4-  All  those  reactions,  like 'all  other  electro- physiological  reactions, 
arc  variously  modihed  by  the  temperament  of  the  individual  operated  on 
and  by  the  strength  of  the  current. 

The  above  conclusions,  as  will  be  seen,  differ  somewhat  from  those 
of  Hclmholtz  and  others  who  have  studied  this  subject.  The  differ, 
ential  action  of  ihe  ascending  and  descending  currents  we  have  not 
been  able  to  demonstrate,  and  see  no  way  of  demonstrating.  We  be- 
lieve that  here,  as  in  so  many  other  electro  physiological  and  electro- 
therapeutical  procedures,  the  differential  polar  action  has  been  con- 
founded with  the  differential  action  of  the  ascending  and  descending 
currents. 

Although  the  above  reactions  in  their  full  degree  can  be  most  con- 
veniently obtained  by  placing  one  electrode  over  the  closed  eye,  and 
the  other  ia  the  hand  or  at  the  back  of  the  neck,  yet  the  general  re- 
action of  the  glimmering  flash  of  light  can  be  obtained  by  placing  one 
electrode  in  the  vicinity  of  the  eye,  or  on  any  part  of  the  face  or  beard, 
or  in  the  mouth.  In  susceptible  persons  the  flash  comes  from  inter- 
rupted galvanization  of  the  neck  or  spine. 

Faradic  Current. — The  current  from  the  primary  or  secondary  coil 
of  the  ordinary  faradic  machines  has  little  or  no  perceptible  effect  on 
the  retina,  as  we  have  demonstrated  by  various  experiments.  We 
have  found,  however,  by  repeated  observations,  that  the  current  from 
the  lang  coils  of  the  electro-magnetic  machine  manufactured  by  Kidder 
has  a  most  decided  action  on  the  retina.  The  peculiar  construction  of 
the  coil  of  this  machine  will  be  described  in  the  chapter  devoted  to 
apparatus  for  electro-therapeutics.  It  is  sufficient  here  to  say  that  it  is 
toroposed  of  three  or  four  or  more  coils  of  insulated  copper-wire,  the 
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inward  coil  being  short  and  thick,  and  the  others  gradually  increasing 
in  the  length  of  the  wires.  These  coils  are  not  separate  and  distinct,  as 
in  ordinary  machines,  but  connected,  and  are,  so  to  speak,  tapped  zX.  the 
points  of  uniont  so  as  to  obtain  a  number  of  currents  varying  in 
quantity,  tension,  and  physiological  power.  It  is  from  the  fourth  and 
fifth  coils,  which  are  not  furnished  to  the  majority  of  his  smaller  machines, 
that  we  obtain  the  reaction  of  the  retina  that  we  are  now  to  describe. 
The  reaction  is  best  obtained  by  placing  a  medium-sized  sponge 
electrode,  well  moistened,  over  the  closed  eye,  or  very  near  to  the  eye, 
while  the  other  electrode  is  held  in  the  hand  or  applied  to  some 
indifferent  point,  as*  the  back  of  the  neck,  or  arms,  or  feet.  With  a 
current  of  moderate  strength  thus  applied,  a  circle  filled  with  wavy, 
undulating  light,  or  whitish  spots  or  figures,  appears.  It  is  difficult  to 
convey  in  language  a  precise  description  of  this  appearance.  If  snow- 
flakes  could  be  elongated  somewhat,  and,  made  to  coil  about  in  variou . 
directions,  they  would  give  a  good  idea  of  this  reaction.  If  we  look 
tlirough  a  window  at  a  thick,  driving  snow-storm,  with  large  flakes,  we 
can  get  a  not  very  incorrect  notion  of  the  reacticn,  as  we  have  over 
and  over  again  demonstrated  on  ourselves  and  others.  So  far  as  we 
have  been  able  to  see,  bright  or  variegated  colors  do  not  appear,  except 
from  the  current  of  the  fifth  coil.  The  negative  pole  gives  a  stronger 
reaction  than  the  positive ;  but  not  appreciably  different  in  character. 
This  reaction  of  the  fourth  coil  of  this  machine  is  utterly  unlike  that 
which  is  obtained  from  either  pole  of  the  galvanic  current  This  effect 
has  long  been  shown  by  the  inventor  of  this  machine,  and  has  been 
iltustraled  by  him.  We  were  induced  to  question  his  assertions  until 
we  had  first  made  experiments  of  our  own  with  the  different  coils  of 
the  machine. 

The  Effect  of  Electrical  Irritation  compared  with  Mechanical  Irrita- 
tion of  the  Eye. — It  is  interesting  to  compare  the  reaction  produced 
by  the  galvanic  and  faradic  currents  on  the  retina  to  the  effects  of 
raechanica.1  irritation.  We  have  found  by  experiment  on  ourselves 
that  rubbing  the  eyes  when  closed,  or  partially  closed,  causes  various 
and  oftentimes  beautiful  appearances.  Very  frequently  a  central  spot 
will  appear,  varying  in  shape  and  color,  and  changing  in  shape  and 
color  during  the  irritation.  All  conceivable  shapes,  and  every  grade 
of  color,  we  have  seen  in  this  way  over  and  over  repeated  j  sometimes 
a  mere  circle  of  light  shading  off  into  darkness,  and  again  a  definite  and 
well-formed  object,  brilliant  in  colore  standing  forth  clear  and  beautiful 
against  the  dark  background.  Forms  resembling  a  bouquet  of  flowers, 
or  a  cluster  of  stars,  or  vanous  shapes  of  crystals,  apptar  with  such 
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i^dncss  that  we  love  to  prolong  the  experiment.  Simp  e  pressure  on 
the  side  of  the  eyeball  will  cause  reactions  somewhat  similar  in  kind 
(though  less  in  degree)  to  those  produced  by  the  faradic  current. 

These  reactions,  however,  are  not  constant ;  they  vary  greatly  with 
the  individual,  and  with  the  same  individual  at  different  times.  In 
order  to  obtain  the  most  beautiful  appearances,  it  is  necessary  to  first 
look  for  a  moment  on  bright  light,  or  to  have  the  eyes  open  in  the  full 
sunlight.  It  would  seem  that  the  retina  roust  first  become  sensitive, 
by  exposure  to  strong  light,  before  the  reactions  can  appear  in  their  full 
extent 

Action  of  Electricity  on  the  Auditory  Nerve  ;  Action  of  the  Faradit 
Current.^The  faradic  current,  when  applied  to  the  ear,  or  in  the 
vianity  of  the  ear,  causes  a  ringing,  or  humming,  or  rumbling  sound, 
according  to  the  method  of  application  and  the  strength  of  the  current. 
These   sounds  are  due,  in  part,  to  the  susurri  of  the  muscles. 

Action  of  the  Galvanic  Current, — To  the  galvanic  current  the  audl- 
<ory  reacts  by  certain  fixed  laws. 

This  normal  formula  is  as  follows  : 

Ka  S  Kl,  distinct  accented  sound 

Ka  D  Kl  >,  sound  disappearing  by  degrees. 

Ka  O  — ,  no  sensation  of  sound. 

An  S  -, 

An  D  — ,  "  " 

\Tk  O  Kl,  weak  and  short  sound,  similar  in  character  to  Ka  S. 

In  the  above  formula,  Ka  =  Kathode  (negative  pole).  An  =  Anode 
^positive  pole),  S  =  closing  (schliesung),  O  =s  opening  (oeffnung),  D 
==  duration  of  current. 

Pf  =  whistling  sound- 

Kl  =  ringing       " 

Z  =  hissmg  " 

The  sensations  with  Ka  S  appear  sooner  and  stronger  than  with 
AnO. 

This  formula,  it  will  be  observed,  harmonizes  with  the  law  of  cleo 
trotonos  (see  p.  1 1 1 ),  and  Pfluger's  contraction  law — that**tf  nerve  is 
HimuUted  by  the  appearance  of  catelectrotonos  and  the  disappearance  of 
cnelectr^tanos  i  not^  however ^  by  the  disappearance  of  catelectrotonos  and 
the  appearance  of  anelectrotonos.     (See  p.  1 16). 

Although  the  character  of  soands  varies  with  the  strength  and  contin- 
uance of  the  current  and  with  the  individual,  yet  in  the  healthy  ear  the 
foiar  effects  never  vary. 
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Titer e  is  never  any  sensation  of  sound  with  the  closing  of  the  anodt 
(An  S),  exi  :pt  in  |>athological  conditions. 

The  polar  effect  is  therefore  the  leading  effect,  and  tbc  direction  of 
the  current  through  the  auditory  nerve  appears  to  have  no  demonstra^ 
ble  influence. 

The  use  of  the  rheostat  and  the  changes  in  the  reactions  that  are 
made  by  interposing  the  various  grades  of  resistances  in  the  circuit  axe 
represented  in  the  following  experiments  of  Brenner  :  ♦ 

The  experiment  was  performed  on  a  healthy  ear  that  had  been  cured 
a  short  time  before  of  a  catarrh  of  the  middle  ear.  The  number  of 
elements  is  in  Roman^  the  number  of  resistances  m  Arabic. 


XX  10-80  gave  no  reaction. 
XX  90-120  KaS — Buzzing  of  flies 
very  short. 

KaD 

KaO 

An  S   

An  D 

An  O  

XX  130-1 70  Ka  S — Stronger  buzz- 
ing. 
Ka  D — Same. 

KaO  

An  S   

AnD 

AnO  

.UC  180-250  Ka  S— Distant   rum- 
bling of  wag- 
ons. 
,  Ka  D — Same. 

KaO  

AnS  

AnD 

AnO — Buzzing   of 


XX  260-400  Ka  S — Rumbling 
cannon. 
Ka  D — Same> 

KaO 

An  S   

AnD 


ol 


An  O — Rumbling 
wagons. 
XX  410-550  Ka  S — Strikingofme- 
tallic  plate. 

KaD— Same  > 

KaO 

AnS   

An  D 

An  O^Rumbling. 

Ka  S^^harp  ring  like 
a  silver  table 
bell. 

Ka  D — Same  > 

KaO 

AnS  

AnD  


XX  560- 


An  O — Weaker    enC 
flies.  shorter  nng 

ing. 

Erb  f  gives  the  following  result  of  e^qieriments  on  himself : 


•  Opt  dt..  Band  l,  p.  105, 

f  Arekiv  Ophthalmology  und  Otohg. 


VoL  L,  No.  I,  p.  a4fii. 
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lo  El  Ka  S  Kl 

Ka  D  Kl  > 

KaO 

AnS  

AnD 
An  OKI 


8  and  6  El  Ka  S  Kl 
KaD  — 
KaO  — 
AnS  — 
An  D  — 
AnO  — 


On  another  patient,*  50  years  of  age,  he  obtained  the  following  re> 
acdon  with  accompanying  symptoms  of  pain  and  facial  contortions ; 

"         8  £1  Ka  S — Clear  whistling,  stinging  pain  and  facial  contortions. 

^1  Ka  D — Gradually  disappeared. 

^H  Ka  O — No  sensation. 

^m  An  S — ^Violent  pain. 

^B  An  D — Pain  remains. 

^B  An  O — Short  and  weak  whistling ;  slight  facial  convulsions  with 

^^^^^  lo  E) ;  the  same  formula  gave  still  louder  sensations 

^^^^k  of  sound,  but  the  accompanying  pain  was  very  severe. 


Brenner  f  gives  the  following  reaction  in  a  healthy  man  ; 

Same  pacieni  treated  by  a  *troofer  current. 

Ka  S — Sharp  ringing. 
Ka  D—    " 
KaO 


Ka  S — Rumbling  of  cannon. 
Ka  D—        ♦*  " 

KaO 

AS      

AD      

AO — Rumbling  of  wagons. 


AS      

AD     [mg. 

AO — Weaker  and  shorter  ring- 


The  variations  of  the  tone  with  the  difference  of  the  current  are  rep* 
resented  in  the  following  experiment  of  Brenner  :  J 

With  the  CatiMdc  dotms.  With  Anode  opening.     (Aa  O.) 

XX    loKaSK.  XX    30  A  OK. 

20  Ka  S  K.  40  A  O  K. 

30  Ka  S  K.  50  A  O  K. 

40  Ka  S  K'.  6c  A  O  K. 

so  Ka  S  K'.  70  A  O  K. 

60  Ka  S  K'.  80  A  O  K'. 

70  Ka  S  K".  90  A  O  K', 

80  Ka  S  K".  100  A  K'. 

7y5«r  ReMtions  productd  directly  and  not  by  Reflex  Action — ^Wfl 


•  Loc.  cit,  p.  asa 


f  Op.  dt.,  Band  u»  p.  lofi. 


X  Loc.  cU.,  p.  no 
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rlioroiighly  agree  with  Brenner  and  Erb  that  these  reactions  of  the  audi 
torj'  nerve  are  obtained  by  the  direct  action  of  the  current  on  the  nerve, 
and  not  by  reflex  action  through  the  trigeminus-  This  view  is  proved 
by  the  general  fact  of  the  conductibility  of  the  tissues  of  the  brain  (sec 
chapter  on  that  subject),  by  the  fact  that  even  when  the  trigeminus  is 
paraly/ed  the  reaction  may  yet  occur,*  and  by  the  fact  that  when  the 
electrode  is  placed  in  a  condition  favorable  for  the  entrance  of  the 
current  into  the  ear,  the  reaction  is  more  decided  than  when  the  elec- 
trode is  placed  in  a  condition  favorable  for  the  excitement  of  the  trige- 
minus, but  unfavorable  for  the  direct  entrance  of  the  current,  as  has 
been  conclusively  shown  by  Erbj  and  by  ourselves.  J  We  have  removed 
the  pole  from  the  tragus  to  the  malar  bone  and  the  cheek,  both  of  which 
Joints  are  highly  favorable  for  the  excitation  of  the  trigeminus^  and 
have  found  that  with  removal  the  reaction  diminished  or  disappeared. 

In  order  to  obtain  that  normal  formula,  the  following  conditions  are 
necessary : — 

1.  Convenient  galvanic  apparatus, 

A  very  powerful  galvanic  battery  is  not  needed.  The  range  of  ele- 
ments to  which  the  auditory  nerve  sensibly  reacts  is  between  2  to  30.  Iq 
some  cases  quite  strong  currents  are  necessary.  The  galvanic  batteries 
and  electrodes  described  in  this  work  are  adapted  for  these  investiga- 
tions. There  should  be  a  current  reverser ;  and  a  rheostat,  though  not 
exactly  indispensable,  is  yet  very  convenient. 

2.  A  right  method  of  application^  and  practice  in  using  it. 

On  the  whole,  the  best  method  of  application  to  produce  these  reac- 
tions is'  the  external  arrangement,  in  which  one  pole  is  firmly  pressed 
on  the  tragus  (the  car  external  auditory  canal  having  been  previously 
filled  with  warm  salt  water),  while  the  other  is  held  in  or  fastened  on 
the  hand  on  the  opposite  side.  Any  convenient  electrodes  may  be 
used  for  these  purposes.  So  long  as  the  pole  whose  specific  effect  we 
desire  to  produce  is  on  the  righ:  ''-ice  in  the  ear  or  on  the  tragus,  the 
position  of  the  other  electrode  is  not  absolutely  essential,  provided  it 
is  somewhere  on  the  opposite  side,  so  as  to  allcnu  the  current  to  pass 
through  the  auditory  nerve.  It  is  difficult  or  impossible  to  get  the 
reaction  while  the  pole  is  on  the  mastoid  process  of  the  same  side.     It 
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*  Vide  Moos*  case,  tbove  quoted  in  Archiv  Oplitli.  uxtd  OtoL,  voL  i.  No.  2,  p. 

f  Archl»  Oplith.  and  OtoL,  vol  L,  No.  I.,  p.  361  «t  wq. 

\  For  a  detitiled  discussion  of  this  ribject,  see  Brenner's  work,  Band  L,  t  Abtb  ■ 
p.  94,  et  wq. 
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has  been  shown  that  when  both  poles  are  placed  in  the  auditory  canal» 
by  means  of  a  double  electrode,  the  auditor)'  nerve  reacts  to  the  nearer 
pole. 

A  number  of  intelligent  and practistd patients  with  both  healthy  ana 
diseased  tars. 

The  advantages  of  intelligence  on  the  part  of  a  patient  are  obvious ; 
just  as  in  investigating  electro-muscular  sensibility,  it  is  necessary  to 
depend  entirely  on  the  statements  of  the  patient  for  our  informatioiL 
Even  the  strong-minded  and  intelligent  are  sometimes  so  distressed  by 
the  pain  produced  by  the  applications,  or  so  distracted  by  the  sensa- 
tions of  dizziness^  and  the  contractions  of  the  facial  muscles^  that  they 
are  unable  to  rightly  interpret  their  subjective  sensations  in  the  ear. 
It  is  necessary  that  the  experiments  should  be  made  on  a  number  of 
patients,  in  order  to  obtain  the  variety  of  reactions  above  described. 

It  is  best  also  to  make  the  first  experiment  on  patients  who  have 
diseased  ears,  for  it  is  as  true  of  the  auditory  as  of  the  nasal  passages 
that  they  sometimes  become  less  sensitive  when  diseased.  This  is  to 
be  explained  partly  by  the  manipulations  and  treatment  to  which  such 
patients  become  accustomed,  and  partly  by  the  fact  that  the  morbid 
process  itself  produces  callousness  of  the  parts. 

The  operator  should  proceed  calmly  and  with  self-command.  After 
the  patient  is  in  position,  with  his  head  inclined  on  the  back  of  the 
chair  or  lounge,  and  one  of  the  electrodes  fastened  to  or  held  in  the 
band  opposite  the  ear  to  be  experimented  on,  a  little  warm  salt  water 
should  be  dropped  in  (which  can  be  very  conveniently  done  by  squeez- 
ing the  small  quantity  necessary  to  fill  the  external  auditory  canal  from 
a  email  sjxinge  or  from  a  teaspoon  or  funnel-shaped  glass  *)  and  the 
other  electrode  firmly  pressed  on  the  tragus.  It  is  well  to  begin  with 
a  small  number  of  elements,  and  giadually  increase  until  a  reaction  is 
obtained.  The  reaction  will  usually  appear  when  the  current  is  strong 
enough  to  produce  contractions  of  the  facial  muscles.  The  patient 
should  all  the  time  be  continually  and  repeatedly  questioned  in  regard 
to  the  sensations  experienced,  especially  if  he  is  unaccustomed  to  the 
treatment,  for  at  first  he  may  be  so  distracted  by  the  flashes  of  light 
before  the  eyes^  the  contractions  of  the  facial  muscles^  the  nausea^  the 
metallic  taste^  and  the  noise  of  the  water  in  the  ear^  and  especially  by 
the/<7//i,  that  he  may  be  unable  at  first  to  distingiiish  the  true  character 
of  the  reaction. 


•  It  is  frell  to  place  a  towel  about  the   neck,  just    as  when  syringing   ibe  e»r,  ( 
I  to  wroid  wetting  the  collar  «r  other  clothing  of  the  patient. 
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If  the  battery  is  provided  with  a  commutator^  for  increasing 
diminishing  the  number  of  elements  brought  into  requisition,  a  currtni 
reverstr  for  changing  Ihe  direction  of  the  current  without  removing  the 
poles,  and  a  rheostat  for  introdxuing  resistancds  into  Ihe  circuit,  the 
labor  of  the  operator  wili  be  materially  lightened;  but  nch  apfUanca 
art  not  indispfnsabU, 

The  operator  should  remember  that  the  reactions  are  modified  by  the 
experiment  itself,  (a.)  Ka.S  is  most  effectual  after  An.S.  Therefore 
the  use  of  voltaic  alternatives  is  of  service. 

(^.)  The  excitabiUty  of  the  nerve  is  increased  by  long  closure  of  cal 
ode  {Ka.S.). 

((-.)  The  excitement  of  An,0.  increases  with  the  strength  of  the  cur 
rent  and  the  length  of  closure. 

It  should  be  remembered  also  that  Ka.S.  is  stronger  and  quicker 
than  An.O. 

Judging  from  our  own  researches  in  this  department  these  three  lead- 
ing statements  of  Brenner — that  the  auditory  nerve  reacts  to  the  nearesi 
electrode  in  a  regular  manner,  that  in  health  sounds  of  some  kind  are 
produced  at  the  closing  and  Jn  the  duration  of  the  cathode,  and  that  in 
pathological  cases  a  part  of  the  norma!  formula  is  more  or  less  changed 
— are  capable  of  sufficient  and  easy  demonstration  to  those  who  are 
thoroughly  familiar  with  electro-therapeutical  experimentatiotL 

On  the  other  hand,  some  of  the  special  features  of  Brenner's  system 

» offer  difficulties  in  the  way  of  their  successful  and  uniform  demonstra- 
tion that  can  only  be  overcome  by  careful  practice  in  this  special  de- 
partment. To  catch  the  sounds  which  in  health  are  heard  at  the  open- 
ing of  the  anode  ;  to  distinguish  between  the  noise  caused  by  the  agita- 
»tJon  of  the  water  in  the  ear,  and  the  subjective  sounds  that  are  so  fre- 
quendy  the  symptoms  of  disease  of  the  auditory  apparatus  and  the  genu* 
ine  reaction  of  the  auditory  nerve ;  to  obtain  the  complete  normal 
formula  in  health,  and  to  satisfactorily  discriminate  between  the  various 
abnormal  rractions  of  disease — the  first  attempt  to  fully  corroborate  all 
the  assertions  in  these  particulars  will  usually  result  in  complete  or  par- 
tial failure,  especially  to  those  who  are  unfamiliar  with  the  use  of  gal- 
vanic apparatus. 

Degrees  of  Irritability. — Brenner  distinguishes  three  different  de- 
grccs  of  irritability  of  the  auditory  nerve,  according  to  the  number  of 
elements  that  it  takes  to  excite  the  reaction.  The  degrees  of  irritability 
may  be  changed  during  the  sitting  by  the  effect  of  the  current  on  the 
nerve,  and  especially  by  the  voltaic  alternatives. 

Ilius,  if  at  the  beginning  of  the  sit  ing  the  nerve  reacted  to  t6  eW 
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oients,  but  to  no  number  less  than  that,  these  i6  elements  would  repre 
sent  the  priman-  irritability  of  that  nerve. 

If  by  various  alternations  of  the  current  the  nerve  is  brought  into  a 
condition  that  it  reacts  to  12  elements,  these  12  elements  represent  the 
seamdary  irriiability  of  that  nerve. 

If,  by  still  further  excitation,  the  nerve  is  made  to  react  to  10  ele* 
ments,  these  10  elements  represent  the  tertiary  excitability  of  that  nerve. 

In  opposition  to  the  above  conclusions  Dr.  Wreden,  of  St.  Peters- 
btirg,  has  made  a  number  of  experiments  which  seem  tohira  to  establish 
that  the  sounds  heard  during  galvanization  of  the  ear  are  due  not  to 
the  reaction  of  the  auditory  nerve,  but  to  the  contraction  of  the  smalt 
.  muscles  of  tkc  middle  ear.  In  his  experiments  he  electrized  the  Eusta- 
chian tube,  through  the  catheter,  and  also  the  middle  ear,  by  means  of 
small,  delicate,  and  finely  graduated  sounds  insulated  to  their  points. 
He  believes  that  by  tliis  method  he  causes  contraction  of  the  tensor 
tympani  and  of  the  stapedius^  through  irritation  of  the  fifth  and  seventh 
nerves.*" 

Wreden  asserts  tnat  during  electrization  by  these  methods  the  mem- 
brana  tympani  is  retracted,  and  believes  that  this  retraction  is  caused 
by  the  contraction  of  the  muscles.  This,  however,  has  been  denied  by 
Poorten.  To  settle  this  question,  Lowenberg  devised  a  manometer^ 
which  consists  in  a  bit  of  cork  or  rubber  fitted  into  the  external  meatus 
hermetically,  and  receiving  hermetically  a  capillary  glass  tube  which 
contains  a  drop  of  colored  liquid.  The  external  meatus  is  filled  with 
water,  which  is  connected  with  one  of  the  poles  of  a  faradic  machine, 
while  the  other  is  applied  to  the  skin  by  a  sponge  or  through  the  Eusta- 
chian tube.  When  the  membrana  tympani  is  retracted  by  the  action 
of  the  current,  tlie  drop  of  colored  water  indicates  this  retraction  by 
felling,  when  it  is  pushed  outward,  by  rising. 

Admitting  to  the  full  all  that  has  been  claimed  by  Wreden  and  Low- 
enberg, we  do  not  see  that  it  proves  that  the  supposed  complex  reac- 
tions of  the  auditory  nerve  to  electricity  are  nothing  more  than  muscu- 
lar contractions.  Admitting  that  in  some  cases  where  the  membrana 
tympani  is  gone,  the  reactions  are  not  obtained,  still  the  following  con- 
siderations are,  to  our  mind,  convincing  : 
I  I.  The  reactions  of  the  galvanic  current,  when  applied  to  the  ear,  are 
frequently  similar  to  some  of  the  sounds  of  tinnitus  aurium.  7  hey  arc 
sometimes  so  much  alike  that  they  cannot  be  distinguished. 


•  A  rfeumrf  of  this  subject  is  presented  in  Dr.   Roosa's  work  on  Diseates  of  th* 
^^»  P^-  493-495- 
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4.  A  readkm  of  the  aaiSlaiy  acne  aaifar  to  soibc  faroB  of  dnnitas 
CM»  be otwahwrf  in  foone  ■■■■■fin  caao;  notcnlf  by  gatvamsation  ol 
dK  eai^  bm  of  the  odier  parts  of  die  head*  aad  even  die  tnmk. 

We  have  bad  apatieat  who  CMnytiiDcd  crciy  time  we  galvaaiaed 
the  spine  diat  haimi^  hiwimg  aoands  weve  ezdted  in  bis  ear.  Stma* 
lar  sounds  are  prodooed  faj  gil-vaniratioa  of  the  ear.  The  effect  in 
this  case  waa  prababfy  redez. 

An  these  considcTatioDS  ooovince  os  that  dke  witty  of  sooods  pio- 
dnced  by  plvamzatioa  of  the  ear  is  doe  to  the  ezidtatio>D  of  the  an- 
Alory  aerye,  and  tbat  dns  exdtatson  amf  be  bodk  direct  and  reflex. 
We  are  fully  aware,  however,  that  for  the  present  this  buct  has  a  greater 
interest  for  the  electro-physiologist  than  lor  die  eiectro-therapeotist. 

Olfa^icry  Nervt. — We  have  observed  in  frequent  expeximenttng  on 
oaieives  that  the  negative  pole  of  a  stroog  galvanic  corrent  applied  to 
the  Scfancideriao  membrane  caused,  tn  certain  sensitive  locaHties,  an  odor 
arach  resembling  stdphnretted  hydrogen.  The  odor  observed  in  the  neighs 
borfaood  of  docks  will  perhaps  suggest  the  peculiar  character  of  this  re- 
action more  than  any  fornial  description.  This  reaction  is  obtained  only 
vfacn  a  powerlbl  current  is  used.  It  is  obtained  at  the  opening  of  the 
circait,  while  the  circuit  is  closed  and  for  some  little  time  after  the  circuit 
IS  opened.  We  have  found  that  this  peculiar  reaction  varies  much  with 
the  individual,  and  with  the  same  ijidividual  at  different  times.  A  sen> 
sitive,  or  even  an  ulcerated  condition  of  the  mucous  membrane  would 
seem  to  form  it  Although  we  a^  frequently  treating  cases  of  rhinitis 
(nasal  catarrh)  by  tntemal  galvanization  with  metallic  electrodes,  yet  otir 
patient*  never  speak  of  this  peculiar  odor.  The  mucous  membrane 
of  the  nasal  passages  is  very  sensitive,  and  in  ordinary  therapeutical 
applications  only  gentle  currents  will  be  borne,  whereas  this  reaction  ol 
the  olfactory  nerves  demands  powerful  and  painful  currents. 

The  differential  reaction  of  the  positive  and  the  negative  pole  of  tftc 
ascending  and  descending  currents  that  were  long  ago  claimed  by  RiN 
ter,  we  have  not  been  able  to  confirm.  The  phenomenon  of  sneezing,  of 
a  disposition  to  sneeze,  of  which  Sitter  spoke,  is  due,  not  ♦o  any  rcac 
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of  the  olfactory  nerve,  but  to  the  mechanical  irritation  of  the  sen 
sory  nerves  by  the  electrode.  Sneezing,  as  all  aurists  know,  is  called 
forth  by  a  single  introduction  of  the  Eustachian  catheter,  and  we  observe 
it  continually  in  introducing  the  nasal  electrode.  It  is  observed  most,, 
however,  just  as  the  electrode  is  being  inserted  ;  and  when  the  current  is 
ninniug,  the  symptom  does  not  usually  annoy  us.  The  action  of  a  gentle 
current  on  the  sensory  nerves  of  the  nasal  passages  seems  rather  to  have 
a  sedative  effect,  and  in  a  measure  counteracts  the  tendency  to  sneeze 
that  is  excited  by  the  mechanical  irritation  of  the  electrode. 

Schonbein  suggests  that  the  peculiar  smell  experienced  from  the  pas- 
sage of  the  electric  current  through  the  olfactory  nerve  is  caused  by 
Ozone  that  is  generated. 

This  peculiar  odor,  observed  in  powerful  galvanization  of  the  nasal 
passage,  is  unquestionably  due  to  the  reaction  of  the  nerve  to  the  elec- 
trical stimulus,  and  corresponds  to  the  effects  produced  by  the  same 
agent  on  the  nerves  of  seeing,  hearing,  and  tasting. 

Franklinic  electricity,  electro-magnetism,  magneto-electricity,  are 
nnable,  fn  any  strength  that  can  be  endured  by  a  person  in  health,  to 
excite  the  peculiar  reaction  of  the  olfactory  nerve. 

Attion  of  EUctricity  on  the  Gustatory  Nerve — Action  of  the  Galvanic 
Current. — In  1754,  long  before  the  discovery  of  galvanism,  it  was 
noticed  by  M.  Sulzcr  that  lead  and  silver,  when  connected  and  then 
brought  in  contact  with  the  tongue,  gave  rise  to  a  peculiar  taste  similar 
^^to  that  produced  by  vitriol  of  iron.  If  we  ai>ply  a  piece  of  zinc  to  the 
Bbppci')  and  one  of  silver  to  the  lower  part  of  the  tongue,  a  powerful  add 
taste  will  be  experienced  under  the  zinc  pbte,  and  a  slight  alkaline 
taste  under  the  silver  plate.  These  sensations  are  perceived  as  long 
ts  the  circuit  is  closed ;  but  if  the  plate  or  the  tongue  be  warmer  or 
colder  than  natural,  or  very  much  benumbed  by  acids  or  other  irritating 
substances,  very  little,  if  any,  sensation  is  produced.  If  the  tension  ol 
the  current  be  much  increased,  by  using  several  pairs,  the  tongue  be- 
comes convulsed  and  a  flash  of  light  is  perceived-  When  neither  of  the 
electrodes  touches  the  tongue,  a  metallic  instead  of  an  acid  or  alkaline 
taste  is  produced. 

The  peculiar  reaction  of  the  gustatory  nerve  to  the  current  is  gen- 
erally described  by  those  on  whom  we  have  experimented  as  "cop- 
pery," or  "  sour,"  or  ''  metallic,"  or  "  bitter."  Sour  or  coppery  are,  we 
believe,  the  designations  most  frequently  employed  by  those  persons 
who  experience  the  sensation  for  the  first  time,  and  who  have  nc 
theories  in  the  matter  to  prove  or  disprove,  and  who  therefore  are 
likely  to  give  their  real  mpressions.     If  we  ask  them  whether  they  have 
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a  lAste  in  the  mouth  while  the  current  is  passiog,  they  usually  reply  that 
«be  taste  is  sour  or  "  coppery,"  and  sometimes  they  may  call  it  "  bitter." 
If  we  ask  them  whether  the  taste  is  "  metallic,"  they  usually  reply  in  the 
afl&rroative.  Our  observations  on  this  subject  have  been  very  numer- 
ous,  and  they  have  been  made  with  both  currents.  It  is  not  necessary 
to  send  the  galvanic  current  through  the  tongue  or  through  the  chorda 
l>'rapani  nerve,  or  through  the  face  even ;  for  galvanization  of  the  neck 
in  the  anterior  and  posterior  regions,  and  of  the  bead  in  almost  any 
direction,  and  of  the  spine — the  lower  as  well  as  the  upper  region — will 
be  felt  in  the  gustatory  nerve. 

This  metallic  taste  is  felt  almost  as  soon  as  the  galvanic  current  is 
closed,  grows  stronger  while  the  current  runs  up  to  a  certain  point,  and  is 
sometimes  felt  for  several  minutes  after  the  electrodes  are  removed- 
In  some  temperaments  on  which  we  have  erperimented,  the  metallic 
taste  remains  on  the  tongue  for  sever^  hours,  and  even  all  day,  and 
longer. 

In  susceptible  temperaments  the  faradic  current  produces  in  a  less 
degree  this  metallic  taste,  and  that,  too,  not  only  when  applied  to  the 
tongue,  but  also  the  head,  neck,  and  spine.  In  the  operations  of  cen- 
tral galvanization  this  reaction  of  the  gustatory  nerve  becomes  of  con- 
siderable value  in  showing  us  that  the  cument  is  passing  as  we  wish  it, 
and  that  the  patient  is  receiving  all  that  is  well  for  him.  The  gustatory 
reaction  thus  answers  the  purpose  of  a  galvanometer,  shomng  that  the 
current  is  passing,  and  to  a  certain  degree  regulating  the  dose. 

There  is  Uttle  doubt  that  this  metallic  taste,  caused  by  electrization, 
is  due  to  a  peculiar  excitation  of  the  properties  of  the  gustatory  nerves 
by  the  stimulus  of  the  airrenL 

The  theory  that  it  might  be  of  an  electrolytic  character,  and  therefore 
explained  by  the  products  of  decomposition  at  the  poles — acid  at  the 
positive,  and  alkalies  at  the  negative — Rosential,  by  a  -^ety  of  e». 
periments,  has  shown  to  be  untenable. 


CHAPTEE   VII. 

ACTION   OF    KLECTRICITY   ON    MOTOR   AND    SENSORY   NERVES  AND 
VOLUNTARY    MUSCLES. 

Irritability  of  nerves  and  muscles  is  thai  property  by  virtue  of  whi^A 
they  (otufuct  the  natural  stimulus  of  the  hodyy  or  external  impressions^ 
or  resfflnd  to  artificial  stimulation. 

Nerves  and  muscles  are  called  irritable  so  long  as  they  retain  this 
property.  Irritability  of  the  nerves  is  a  property  inherent  in  them. 
No  other  tissue  except  nerve  tissue  possesses  this  property. 

During  life  nerves  and  muscles  manifest  their  irritability  by  fulfilling 
all  the  natural  functions  that  belong  to  them  ;  it  is  this  property  that 
enables  them  to  conduct  that  mysterious  vital  agent,  which,  in  lieu  of 
definite  knowledge,  we  are  obliged  to  call  nerve  force.  This  nerve 
force,  which  is  peculiar  to  Hving  beings,  may  possibly  be  correlative  to 
the  other  forces  of  nature  —  hght,  heat,  electricity,  magnetism,  and 
gravitation — but  the  theory  that  it  is  identical  with  electricity  is,  as  will  be 
seen,  untenable. 

Irritability^  how  long  Retained  after  Death, — The  irritability  of  nerves 
anfi  muscles  begins  to  diminish  after  death,  and  sooner  or  later  disap- 
pears. It  disappears  much  sooner  in  warm-blooded  than  in  cold- 
blooded animals. 

In  warm-blooded  animals,  as  the  rabbit  and  the  dog,  the  muscular 
current  may  disappear  in  half  or  three-quarters  of  an  hour.  In  the 
limb  of  a  frog  that  has  been  properly  protected  and  under  a  cool  tem- 
perature, it  may  remain  for  two,  three,  or  even  four  weeks.  It  is  on 
account  of  this  persistence  of  irritabiUty  in  frogs  that  they  are  so  fre- 
quently chosen  in  electro-physiological  experiments.  Irritability  also 
varies  with  the  temperature.  It  lasts  longer  m  cold  than  in  warm 
weather,  and  under  extreme  heat  it  remains  but  a  short  time. 

The  local  .ipplication  of  poisons  and  powerful  chemical  substances, 
as  extract  of  opium,  acetates  of  strychnine,  morphine,  creasote,  nitrate 
of  silver,  mineral  acids,  rapidly  destroys  the  irritability. 

How  Muscular  Contrctctions  are  Produced, — There  arc,  then,  two 
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ways  by  which  the  muscles  can  be  made  to  contract  under  dectrkitj : 
(t)  by  acting  on  the  motor  nerves,  and  (2)  by  acdng  00  the  masdes 
themsehes.  There  is,  however,  this  interesting  and  important  differ- 
ence in  the  effect  of  electrizing  the  motor  nerves  and  the  masdes,  thai 
when  the  former  aic  electriied  all  the  muscles  supplied  by  them  con- 
tract, and  when  the  muscles  are  electrized,  only  that  muscle  to  whidi 
the  electrodes  are  applied,  or  that  part  of  the  muscle  between  liic 
electrodes,  will  contract.  When  direct  applications  to  the  rauscle  are 
made,  the  best  contractions  are  produced  by  putting  one  electrode  at 
each  end.  The  muscular  contractions  produced  by  directly  faia- 
dizing  the  muscle  are  due  to  the  excitation  of  the  muscle,  and  also  of 
the  intra-muscular  nerve-fibres.  The  most  powerful  muscular  contrac- 
tions are  produced  by  placing  one  electrode  on  the  muscle,  and  the 
other  at  the  point  where  the  motor  nerve  that  supplies  it  is  most  super- 
ficial. 

Differential  Action  of  Positive  and  Negative  Pole  in  Producing  Con- 
tractions.— Not  only  is  there  a  difference  in  the  degree  in  the  opening 
and  closing  contractions  of  the  faradic  current,  but  there  is  also  a  dif- 
ference in  the  action  of  the  poles  in  producing  contractions.  When  the 
interruptions  are  rapid,  as  in  the  majority  of  machines,  the  musde  does 
not  have  time  to  go  through  all  the  process  of  lengthening  and  shorten- 
ing with  each  movement  of  the  current  to  and  fro,  and  consequently 
it  is  kept  in  the  state  of  tonic  contraction  above  described.  If,  now, 
one  pole  be  placed  on  some  indifferent  point,  while  die  other  pole 
is  placed  over  the  nerve  to  be  acted  on,  it  will  be  found  that  the  nega- 
tive pole  produces  stronger  contractions  than  the  positive. 

This  experiment  is  easily  made,  and  it  is  not  difficult  to  demonstrate  on 
one's  self  that  this  stronger  action  of  the  negative  pole  in  producing  mus- 
cular contraction  is  entirely  inde])endent  of  the  direction  of  the  current 
— is,  in  short,  a  polar  effect-  We  have  already  seen  that  on  sensory 
nerves  the  negative  pole  is  more  powerfully  felt  than  the  positive. 

Simple  Fluctuation  in  Strength  of  Current  sufficient  to  Produce  Con- 
traction.—  In  order  to  produce  muscular  contractions,  it  is  not  necessary 
that  the  currciu  should  be  opened  or  closed.  A  moderate  variation  in  the 
strtnglh  of  tl^e  current — such  as  is  obtained  by  adding  one  or  more 
cells,  or  by  uniting  another  and  independent  current  in  the  circuit,  or 
by  taking  off  some  portion  of  the  current  from  the  circuit—will  cause 
muscular  contractions.  The  contractions  produced  in  this  way  are, 
however,  less  vigorous  than  those  produced  in  closing  and  opening  the 
circuit.  It  is  to  be  observed,  also,  that  the  vigor  of  the  contractions  \i 
proportioned  to  the  suddenness  of  the  dosing  01  opening  the  cirant 
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i  point  is  frequently  forced  upon  our  observation  in  the  treaimeiit  of 
'fMualysis.  If  the  electrodes  are  anned  with  large  sponges,  and  are 
slowly  appliAl  over  the  muscle,  with  gradually  increasing  pressure, 
scarcely  any  contraction,  or  at  least  only  a  feeble  one,  is  produced ; 
-but  if  the  interruption  be  made  in  the  metallic  part  of  the  circuit — in 
the  electrode  by  an  interrupter,  or  in  the  battery — the  contraction  with 
the  same  current  will  be  very  energetic. 

By  referring  to  Electro-Physics  (p.  55),  it  will  be  seen  that  the  law  of 
muscular  contraction  under  electrization  follows  the  laws  of  current- 
induction.  Both  contraction  and  induction  occur  when  a  changt  is 
made  in  the  strength  of  the  current  by  closing,  opening,  increasing, 
or  diminishing. 

Muscular  Contractions  more  Vigorous  when  a  great  length  of  the 
Nervt  is  Galvanited, — The  muscular  contraction  caused  by  galvaniza- 
tion is  greater  when  a  large  than  when  a  small  extent  of  the  nerve  is 
included  between  the  electrodes.  It  is  not  a  difficult  matter  to  demon* 
itrate  this  fact  The  experiment  can  be  made  on  nerves  of  rabbits, 
43ogs,  frogs,  or  other  animals. 

Nerves  of  Living  Man, — Our  previous  remarks  have  been  applied  to 
the  reaction  of  the  nerves  of  anijnals  in  a  condition  not  purely  physio- 
logical. When  the  galvanic  current  is  applied  to  a  living  and  healthy 
motor  nerve  in  a  healthy  man,  contraction  takes  place  only  on  closing 
the  circuit.  This  fact  is  constant  with  either  pole  and  any  direction  of 
the  current  The  negative  pole  applied  to  the  nerve  produces  stronger 
contraction  than  the  positive.  At  the  opening  of  the  current  there  is  no 
toniraction.  When  the  nerve  is  separated  from  the  body,  or  injured,  or 
fatigued  in  any  way,  die  phenomena  already  described  appear.  The 
first  symptom  of  fatigue  is  contraction  both  at  the  opening  and  closing 
of  the  current  When  the  nerve  becomes  more  exhausted  the  contrac- 
tions are  produced  on  dosing  and  opening  the  inverse  current ;  and 
when  the  exhaustion  is  still  greater,  contraction  is  obtained  only  pn 
making  the  direct  current. 

Action  of  the  Faradic  Current. — ^The  faradic  current,  when  rapidly 
interrupted,  as  in  most  of  the  faradic  machines,  and  applied  to  the 
motor  nerves,  keeps  up  a  tonic  contraction  of  the  muscle  supplied  by 
these.     This  contraction  is  maintained  so  long  as  the  current  runs. 

If  a  contrivance  for  making  slow  inductions  be  connected  with  the 
faradic  machine,  then  the  contraction  of  the  muscles  corresponds  to 
the  opening  and  closing  of  the  current,  and  the  opening  contraction  ii 
I  ftronger  than  the  closing. 

When  the  current  of  the  secondary  wire  is  dosed  by  placing  thf 
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electrodes  on  the  skin,  the  current  of  the  primary  coil  (extra-current) 
exercises  a  retarding  influence  on  the  secondary  current,  and  then  the 
closing  contraction  is  rendered  more  gradual  and  gentle  from  nothing 
to  the  maximum. 

VVTnen  the  corrent  of  the  secondary  coil  is  opened,  the  current  of  the 
pritnary  coil  (extra-current)  does  not  exist  (see  Electro-Physics,  p.  55), 
and  consequently  the  current  of  the  secondary  coil  is  not  retarded  and 
goes  rapitUy  from  its  maximum  to  nothing. 

Differential  Action  of  Primary  and  Secondary  Coils. — Duchenne  has 
stated  with  a  measure  of  truth  that  the  current  of  the  primary  coil  (ex- 
tra current)  of  his  apparatus  has  a  more  powerful  eflfect  on  the  sensi- 
bility and  contractility  of  the  organs  beneath  the  skin,  while  the  current 
of  the  secondary  coil  acts  more  powerfully  on  the  retina  and  on  the 
skin.     The  primary  coil  is  composed  of  thick,  short  wire. 

The  secondary  coil  is  composed  of  long  and  thin  wire  with  many 
windings. 

The  differential  action  of  the  primary  and  secondary  currents  on  the 
skin,  muscles,  and  optic  nei-ve  is  due  to  these  two  causes : 

1.  The  primary  cm-rent,  circulating  tlirouglv  a  short  thick  wire,  has 
less  tension  than  the  secondary  current  that  circulates  tlirough  a  long 
thin  wire,  because  tension  is  developed  only  in  the  presence  of  resist- 
ance. Since,  now,  the  skin  offers  greater  resistance  than  the  muscles, 
the  secondary  current,  by  virtue  of  its  greater  tension,  is  able  to  pene- 
trate it,  and  also  to  penetrate  the  brain  and  affect  the  oi)tic  nerve. 
But  the  primary  current,  having  less  tension,  passes  through  the  skin, 
circulating  in  it  but  slightly,  and  goes  to  the  muscles  beneath,  which  are 
good  conductors^  and  on  these  it  spends  its  force.  In  other  words,  a 
ciu-rent  of  low  tension  selects  the  best  conductors,  avoiding  the  poor 
conductors  so  far  as  is  possible,  while  the  current  of  high  tension 
traverses  also  poor  conauctors. 

2.  The  primary  current  moves  in  one  direction,  and  has  a  mild  elec- 
trolytic power,  while  the  secondary  current  moves  to  and  fro  so  rapidly 
that  it  cannot  perform  electrolysis. 

Action  of  the  Galvanic  Current, — The  interrupted  galvanic  current 
of  moderate  strength,  if  applied  to  a  motor  nerve,  causes  all  the  mus- 
cles supplied  by  that  nerve  to  contract. 

If  the  current  be  interrupted  slowly,  the  contractions  wilT  be  clonic,  if 
rapidly  interrupted,  thecontrac  ions  will  be  tonic.  The  violent  contrac- 
tions that  occur  at  the  moment  of  closing  and  opening  the  circuit  of 
an  intense  current  may  be  avoided  if  we  begin  with  an  extremely  mild 
cuiren:  and  slowly  and  gradually  increase  its  tension.     By  this  method 
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Rkier  wa#  enabled  to  pass  through  his  own  person,  without  experienc- 
bg  either  the  dosing  or  opening  shock,  tlie  enonnous  current  gener- 
tied  from  a  baiiery  of  two  hundred  elements. 

Galvwt^onu  Contractions, — When  very  powerful  currents  are 
■ppbcd  continuously  to  the  nerves,  tonic  contractions  are  produced  dur 
iog  the  whole  time  that  the  circuit  is  closed.  Contractions  thus  pro 
dooed  were  called  by  Remak  galvanotonit  contractions.  They  are 
called  gadvano-A?«iV  contractions  to  distinguish  them  from  the  clonic 
coolxactions  produced  by  the  faradic  current.  When  the  galvanic  cur- 
fent  is  applied  continuously  to  th**  surface  of  the  body,  by  means  of 
BOtst  sponges,  the  galvano-ionic  coutractions  increase  in  v^goi,  up  to 
a  certain  point,  the  longer  the  electrodes  are  kept  in  position.  This 
phenomenon  is  explained  mainly  by  the  fact  that  the  skin  becomes  more 
flftoist  as  well  as  hyperaemic  (p.  no)  by  the  effect  of  the  current,  and 
dkttft  becomes  a  better  conductor  for  the  electricity.  With  the  faradic 
corrmt  this  increase  of  effect  is  not  so  observable.  The  current 
lequtrcd  to  produce  galvano-tonic  contractions  is  quite  powerful  and 
painful-  The  strength  of  current  required  will  depend  on  the  position 
of  the  nerve  acted  on,  the  length  of  nerve  included  between  the  elec- 
trodes, and  the  individual  experimented  on. 

T^nic  Contractions  in  Antagonisfic  Muscles. — Remak  states  that  when 
^vansc  currents  of  great  power  are  used,  certain  nervous  tonic  con- 
tnctions  appear  in  antagonistic  muscles.  Thus,  for  example,  when 
t*-  '   nerve  is  subjected  to  the  continuous  action  of  a  powerful 

j3i  -  jLirrent,  contractions  appear  in  the  common  extension  of  the 
Mo»e  arm,  so  that  the  fingers  are  raised.  It  is  probable  that  this  phe- 
Boroenon  is  due  to  reflex  action. 

Efftet  of  the  Will  in  opposing  and  aiding  Contractions  produced  by 
SUctrUiiy. — ^The  contractions  produced  by  electricity  can  be  materially 
ttded  or  opposed  by  effort  of  the  will  of  the  person  operated  on.  If  a 
penoo  whose  muscles  are  being  electrized  concentrate  his  mind  on  the 
Dosclc  that  is  subjected  to  the  influence  of  the  current,  and  sitnultane- 
OOfly  with  the  closing  of  the  circuit,  wills  to  contract  the  muscle,  the 
contraction  will  be  more  vigorous  and  complete  than  when  the  elec- 
ttickyis  not  so  aided.  The  will  co-operates  with  the  electricity,  and  the 
llpo  agents  reinforce  each  other,  and  thus  accomplish  more  than  would 
be  possible  for  cither  alone.  This  can  be  very  conveniently  demon- 
Mraled  on  the  comtnunis  extensor  of  the  forearm.  In  electro-therapeu. 
Bcs  tbia  CO  operation  of  the  force  of  will  and  electricity  becomes  of 
ireat  practical  value.  It  has  long  been  known  that  paralytic  patients 
•fall  kinds,  even  those  of  a  cerebral  chronic  incurable  character,  can  be 
10 
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mcvedy  as  thcjtngers  or  toes,  and resotaddy  wiUing  ta  mute  them. 

In  practice  it  has  been  found  that  such  treatment  is  of  positive  and 
pennan-nt  service. 

The  combinatioo  of  the  force  of  will  with  electricity  is  very  much 
more  cftcadous  than  either  when  used  alone.  When  a  muscle  become 
so  diseased  that  the  will  is  powerless  to  remove  it,  the  electricity 
may  contract  it  with  ease.  Wliere  electricity  alone  causes  feeble  or 
imperfe  ;t  contraction,  electricity,  cooperating  with  the  will,  may  make 
the  contraction  vigorous  and  complete.  In  order  to  make  experiments 
of  this  kind  fully  successful,  it  is  necessary  that  the  will  and  force  should 
be  concentrated  simultaneously  with  the  closing  of  the  circuit ;  and 
yet  experience  shows  that  the  effect  of  the  electiixation,  if  not  too 
long  continued,  is  to  give  tone  of  the  muscle,  so  that  it  responds  more 
readily  to  the  will  for  several  minutes,  or  even  hours,  after  being  sub- 
jected to  the  electrization.  This  is  especially  observed  in  muscles  that 
are  in  a  condition  of  paresis.  In  all  these  experiments  much  depends 
on  the  organic  energy  and  grit  of  the  patient  Coiiversely,  it  is  found 
that  by  an  effort  of  will  the  contraction  of  muscles  mduced  by  electri- 
city can  be  within  a  certain  limit,  successfully  opi>osed.  The  experi- 
ment can  be  made  on  the  communis  extensor  of  the  forearm  without 
difficulty.  A  feeble  current  will  cause  this  muscle  to  contract  so  as  to 
bring  up  the  hand  and  fingers ;  by  an  effort  of  the  will  this  can  be 
resisted  so  that  the  hand  remains  on  a  level,  or  nearly  so.  When  very 
strong  currents  are  used  the  will  is  completely  overborne,  and  has  no 
effect  whatever. 

Extent  of  Shortening  of  Muscle  during  a  Contraction. — In  the  process 
of  contraction  muscles  shorten  in  proportion  to  their  length.  The 
greatest  possible  shortening  is  obtained  during  tetanic  or  continuous 
contraction,  and  not  during  a  momentary  contraction.  The  maximum 
of  shortening  is  reached,  not  suddenly,  but  gradually,  and  it  does  not 
long  remain  at  the  maximum  even  when  the  electrization  is  continued, 
but  begins  to  lengtlien  at  first  rapidly  and  then  more  slowly. 

The  greatest  amount  of  shortening  possible  to  a  muscle  is  three-quar- 
ters or  two-thirds  of  its  length. 

In  contraction  the  rausde  becomes  a  little  smaller  in  bulk.  The 
cause  of  this  is  not  fully  understood.* 

Immediate  Strengthening  or  Restorative  Effect  of  Electrisatum  on 
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Valunfafy  Muscles. — One  very  interesting  effect  of  electrization  on 
foluntar}-  muscles  is  to  increase  their  power  of  doing  work.  This  effect, 
rhich  is  called  by  Heidenhain  and  Remak  restorative^  can  be  demon- 
fctratcd  in  various  ways.  The  capacity  of  walking,  in  cases  of  paralysis 
of  the  lower  limbs,  is  sometimes  increased  at  once  after  electrization ; 
the  patient  steps  across  the  floor  easier  and  more  firmly  and  rapidly, 
and  can  walk  further;  or  he  can  raise  his  leg  higher  and  nith  less 
4lifEcult}%  In  one  case  of  paralysis  of  the  tibialis  anticus  muscle  there 
vas  no  res|X}nse  to  the  will  until  a  current  of  mediimi  strength  had 
been  applied,  when  it  contracted  without  much  diflSculty.  Dr.  Poore  ♦ 
found,  on  placing  a  weight  of  17  oz.  in  the  hand  of  a  man  holding  his 
arm  out  at  right  angles  with  his  body,  that  in  four  minutes  the  pain  was 
60  great  that  he  could  not  go  on  ;  applying  now  a  mild  current  through 
the  nen'es  of  the  arm,  the  strength  returned.  Another  man  could  hold 
ut  his  arm  13^  minutes  when  the  current  was  applied,  but  only  6 
nutes  without  the  current. 

The  dj-namometer  is  a  good  means  of  studying  this  subject.  In  one 
case  Dr.  Poore  found  that  eight  successive  squeezes  of  the  dynamome- 
^^ter  with  electrization  gave  477  lbs. ;  without  electrization,  388  lbs.;  a 
^■l^erence  of  89  lbs.  In  another  experiment  made,  when  the  hand  was 
^VBot  tired  by  previous  experimenting,  the  difference  was  even  more 
^PlDarked,  being  a  gain  of  152  in  six  squeezes  of  the  d)7iamometer. 

Effect  of  Fatigue  of  Muscles  on  the  Contractility. — When  a  striped 

muscle  becomes  very  much  weakened  or  fatigued  it  behaves  under  elec- 

I       trization  much  like  the  smooth  muscle.    Dr.  Beard  has  demonstrated  this 

^L  fret  on  dying  rabbits  and  dogs.     Beginning  the  electrization  just  as 

^"  tiiey  are  cut  open,  the  striped  muscles  react  vigorously  and  normally  to 

the  current ;  but  as  the  animal  dies  the  character  of  the  contraction 

changes,  becoming  slower  and  more  deliberate.     If,  now,  the  current 

be  rapidly  interrupted,  no  contraction  occurs,  for  there  is  not  time  for 

the  muscle  to  respond.     If,  now,  weak  currents  are  used,  the  muscle 

u  contracts  very  much  after  tlie  manner  of  unstriped  muscle — that  is,  with 

H  A  slow  drawing  rather  tiian  a  rapid  and  vigorous  action. 

Effect  of  Muscular  Tension  and  Relaxation  on  Muscular  Contrac 

»iio/t. — Dr.  Wra.  R.  Fisher,  of  New  York,  has  called  attention  to  the 
bet  that  muscles  contract  more  easily  when  somewhat  relaxed  than 
when  in  a  tense  condition.  This  experiment  can  be  tried  very  easily  on 
tile  common  extensor  of  the  forearm  or  on  the  peronei  muscles  of  the 
Iqg.     The  fact  is  of  practical  importance  in  the  treatment  of  paralysis. 


TiU PnutUioner,  Jan.,  1873, 
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Ziemssen,*  on  experimenting  with  uopolarizable  electrodes,  and 
gradually  increasing  the  strength  by  the  aid  of  the  ih  iostat,  obtaine<} 
Uie  following  results : 

\.  With  the  weakest  current  that  caused  muscular  contraction  there 
•ras  opening  contraction  at  the  cathode. 

2.  With  a  current  a  little  stronger  there  was  strong  closing  contrac- 
tion at  the  negative  pole,  and  weak  opening  contraction  at  the  positive. 

3.  With  still  stronger  current  there  was  also  weak  contraction  ai  the 
9pening  of  the  positive  pole. 

4.  With  still  stronger  currents  there  was  a  tonic  contraction  at  the  nega- 
five  pole,  continuing  for  some  time  after  the  contraction  at  the  closing. 

5.  With  a  much  stronger  current  the  tonic  contraction  was  more 
I  ffgorous;  the  other  contractions  are  also  increased  in  strength,  and  there 

\ppeared  a  contraction  at  the  opening  of  the  negative  pole. 

6.  With  the  strongest  current  that  can  be  borne,  all  the  other  contrac- 
tions were  increased  in  strength,  and  there  appeared,  besides,  moderate 
tonic  contractions  at  the  positive  pole. 

The  above  results  can  be  verified  only  when  unpolarizable  electrodes 
are  used,  for  with  ordinary  electrodes  the  pain  would  be  far  too  great 
to  be  endured.  The  opening  and  closing  of  the  current  must  be  made 
in  the  metallic  part  of  the  connection,  in  order  to  give  it  the  greatest 
possible  suddenness.  Zicmssen  suggests  for  these  experiments  the 
median  and  ulnar  nerves  at  a  point  a  little  above  the  wrisL  At  thia 
point  the  epidermis  is  quite  thin  and  the  nerves  superficial  Judging 
from  our  observations,  it  is  impossible  to  reduce  this  subject  to  a  rigid 
mathematical  law.  The  words  "  strong "  and  "  weak,"  as  applied  to- 
[  currents,  are  quite  indefinite,  and  the  irritability  of  nerves  varies  in  dif- 
ierent  individuals  at  different  times.  It  is  for  these  reasons  that  observ- 
ers differ  in  the  results  of  their  experiments. 

Electro-muscular  Contractility  and  Eleciro-musndar  Sensibility,^^ 
The  susceptibility  of  the  muscle  to  contract  under  the  influence  of  the 
electric  current  is  called  electro-muscular  contractility.  The  sensation 
that  accompanies  this  contraction  of  the  muscles  under  the  electric 
influence  is  called  electro-muscular  sensibility.  Electro  muscular  con- 
tractiljt)'  and  electro-muscular  sensibility  vary  in  different  individuals, 
and  in  different  parts  of  the  body.  They  are  greatly  modified  by  dis- 
ease. This  fact  is  of  great  importance  in  diagnosis  of  paralytic  affec- 
tions. 

In  using  the  terms  electro-muscular  sensibility  and  electro-musculat 
contractility,  we  do  not  wish  to  convey  the  idea  that  they  represent  anj 

*  Op,  cit ,  p.  &X 
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aal  nerve-functions,  but  rather  that  the  general  sensibility  of  the 

uerveSi  and  the  general  contractile  power  of  the  muscles  may  be  excited 

by  the  application  of  electricity.     The  question,  whether  there  is  any 

^jpccial  sense  of  muscular  contractility,  aside  from  the  general  sensibility 

^■of  the  nerves,  of  the  muscle,  of  the  tissues  that  surround  it,  and  of  the 

Hbones  and  cartilages  with  which  it  is  connected,  is  one  that  we  axe  dis- 

Vposed  to  answer  in  the  negative.   There  appear  to  be  hysterical  cases, 

where  the  consciousness  of  muscular  contractility  under  the  electric 

current  remains,  while  the  skin  is  almost  perfectly  anzesthetic ;  and  there 

are  certainly  cases  where  the  muscles  respond  to  the  will^  but  do  not 

respond  to  electricity.    Practically,  therefore,  the  tern^s  electro-muscular 

aensibUity  and  contractility,  especially  the  latter,  with  its  subdivisions 

into  farado-  and  galvano-contractility,  are  of  great  value  in  electro- 

physiolog)'  and  therapeutics,  and  it  appears  to  us  are  perfectly  legitimate. 

The  manifestations  of  the  electro-njuscular  contractility  and  sensibility 

of  the  muscles  in  the  different  parts  of  the  body  are  modifiedjTwv/,  by 

tiieanatomical  position  of  the  muscles;  secondly^  by  the  quantit)-  and 

di&thbution  of  the  sensitive  nerves  ;  and  thirdly^  by  the  thickness  of  the 

ikin  and  adipose  tissue. 

The  muscles  of  the  face,  the  platysma  myoides  and  stcmo-cleido- 
mastoid  are,  in  health,  very  sensitive  to  the  electric  influence.  Next 
in  order  of  sensitiveness  to  the  electric  current  are  the  anterior  muscles 
of  the  forearm  and  of  the  inner  side  of  the  thigh.  On  the  other  hand, 
the  muscles  of  the  back  possess  a  much  less  degree  of  electro-muscular 
contractility  and  sensibility,  and  the  posterior  muscles  of  the  forearm, 
and  posterior  and  other  muscles  of  the  thigh  are  much  less  susceptible 
to  the  electric  influence  than  those  of  the  anterior  and  inner  portions  of 
^lese  limbs.  In  corpulent  patients  it  is  more  difficult  to  affect  the  raus- 
des,  because  adipose  tissue  is  comparatively  a  poor  conductor.  In 
women  and  children  the  adipose  tissue  is  relatively  more  abundant  than 
•n  males  and  adults. 

^mrtase  of  Temperatun  afUr  Muscular  Contraction. — It  has  been 
M    stertained  by  careful  experiments,  that  an  increase  of  temperature 
H   :rsults  from  muscular  contractions  produced  by  the  electric  current 
B  Increase  of  temperature  in  the  muscles  of  paralyzed  limbs,  after  elec- 
trization, is  frequently  perceptible  to  the  touch  of  the  operator,  and  the 
tensations  of  the  patient.     We  have  repeatedly  demonstrated  the  same 
results  from  faradization  of  the  arms,  the  legs,  the  face,  and,  indeed,  all 
parts  of  the  body.     In  very  many  cases  this  increase  of  temperature  is 
40  marked  as  to  be  powerfully  appreciated  by  the  patient,  and  entirely 
^Hrrceplible  to  the  hand  of  the  operator*     General  faradization  caosei 
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It  has  been  shown  by  Brown-Seqoard  and  Lombard  that  excitatios 
of  the  nerves  of  tbe  skin  causes  an  increase  of  temperature  in  the 
limb.t 

The  development  of  beat  is  not  aided  bj  increasing  the  strength 
of  the  cmrent  above  tbe  degree  necessary  to  produce  a  fiill  contrac- 
tioa.  It  haa  been  demonstrated  ttiat,  in  patients  aflicted  with  trau. 
malic  tetaaos^  tbcie  is  a  great  increaie  of  temperatxtre  that  remains 
for  some  time  after  death. 

Investigiilions  on  the  eSiect  of  muscolar  coiaraction  on  temperature 
should  be  made  by  ddicate  snrfiux  thermometers.  Sume  of  the  super- 
ficial moscles  of  the  forearm  offer  a  good  surface  for  this  experiraenL 
The  thermometer  must  be  kept  firmly  and  uniformly  pressed  on  the 
skin,  and  the  modifying  effect  of  cuirents  of  cold  air  should  be  guarded 
againsL  The  thermometer  should  be  kept  rnxz/ir  about  fifteen  minutes 
before  beginning  elcctruation,  so  ats  to  get  accurately  tbe  normal  tem 
perature.  Then  the  nerve  that  supplies  the  muscle  or  muscles  to  be 
tested  should  be  faradized. 

Tbe  following  investigatioQ  is  from  Ziemssen.^  Tbe  patient  was  a 
strong  man,  who  was  suffering  from  complete  paralysis  of  the  extensor 
muscles  of  the  hand  and  &nger  from  ikerve  ii^aiy.  This  fact  accounts 
for  the  low  temperature  before  faradization. 

Temperattire  on  the  forearm,  between  the  extensor  digiL  comm. 
and  cxtcn-  carp,  radu  brev. : 

The  skin  uncovered 34. 7"  Cent 

After  4  minutes'  faradization  through  the  radial  nerve  : 

At  opening  of  current 34.8 

t  minute  after  opening  tbe  current 35.3 

S  minutes  **  *•      35. 7 

«o       "  **  "      3535 

i»       "  «  "      353 

In  the  13th  minute  faradization  was  renewed  for  1  minute : 

Temperature  at  opening  the  current 34.7 

I  minute  after  opening  tbe  current 35, i 

4  minutes  "  "       35.45 


I 


•  Etettruitat  in  der  Mtdteiny  |S66,  p,  39. 

f  Archives  de  Pkytittygie^  NoTcmbcr  End  December,  1868. 


INCREASE  OF  TEMPERATURE  AFTER    FARADIZATION.     I5I 

In  the  6th  minnte  faradization  was  renewed  for  i  minute  : 

Temperature  at  opening  the  current 35.1 

I  minute  after  opening  the  current 35.3 

5  minutes  "  "      35.6 

The  general  results  of  all  the  investigations  that  have  been  made  ic 
this  department  by  Becquerel,  Breschet,  Helmholtz,  Zierassen,  Allhaua, 
and  ourselves  are  these : 

I.  \\l)en  muscles  are  made  to  contract  under  faradization  of  tho 
nerves  that  supply  them  their  temperature  rises. 

a.  This  elevation  of  temperature -is  not  necessarily  accompanied  bj 
any  iocreaAe  in  size  of  the  vessels,  although  faradization  usually  increase* 
tbe  size  and  appearance  of  the  vessels  more  or  less. 

3.  The  more  vigorous  the  contraction  and  the  longer  it  is  continued, 
the  higher  the  temjjerature  rises. 

4.  If  the  faradization  be  continued  long  enough  the  temperature  will 
be  so  much  increaised  that  it  can  be  detected  without  difficulty  by  the 
hand,  and  by  the  sensations  of  the  person  operated  on. 

5.  When  all  the  superficial  muscles  of  the  body  are  faradized,  as  in  the 
method  of  general  faradization,  the  temperature  not  only  of  individual 

I  inuscles,  here  and  there,  but  also  of  the  whole  body,  rises.  This  fact  we 
have  repeated  and  demonstrated  by  observations  made  on  many  varie- 
ties of  temperament 

A  more  accurate  method  of  investigating  this  subject  is  by  means 
of  the  thermo-electric  pile  (see  Electro-Physics,  p-63).  This  instru- 
ment is  capable  of  measuring  a  small  variation  in  temperature,  and 
also  indicates  the  variations  much  more  quickly  than  the  thermom 
eter.  TTie  thermo-electric  pile  is  connected  with  a  reflecting  galva 
nometer  (sec  Electro-Ph)rsics,  p.  41).  Ziemssen  gives  the  following  ob 
servation  made  on  the  extensors  of  the  forearm  : 


^L         Tims  op  Fakadization. 
^H  Mimuta.     Seconds, 

I 


DenjccTTON  or  tuk  Needle 
or  THE  Gaivawometie, 

-  «-S 
+  a.3 
+  5.0 

-  7.i 
+19.0 
+3ai 
+40.  a 


t  will  be  observed  that  with  the  increase  in  the  time  of  the  faradiza* 
dtm  there  is  greater  and  greater  deflection  of  the  needle,  just  as  there 
ii  a  rise  of  the  mercury  in  the  ordinary  thermometer. 
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Seuru  of  Heat  in  Muscular  c7<?«/rar//V7/i.— According  to  Hermann,* 
who  has  specially  studied  the  chemistry  of  the  development  of  heal 
dunng  muscular  contraction,  muscular  work  is  the  result  of  tht  decom- 
position of  nitrogenous  substances.  Among  the  products  of  this  de- 
composition are  2i  fixed  acid,  carbonic  acidy  and  myosine.  Of  these  the 
carbonic  acid  leaves  the  body,  while  the  fixed  acid  and  the  rayosine  re- 
main and  are  worked  over  again  in  the  organism.  The  muscles  grow  at 
the  same  time  that  they  work  and  develop  heat,  and  urea  and  creatine 
are  found  in  the  residuum.  The  muscle  is  restored  by  the  action  of 
oxygen,  an  albuminoid,  and  a  non-nitrogenous  substance  in  the  blood. 

All  these  complex  chemical  changes  that  are  excited  during  muscu- 
lar contraction  give  rise  to  heat.  If  the  muscle  is  prevented,  by  me- 
chanical lueans,  from  contracting,  the  heat  develops  in  it  more  rapidly 
than  when  it  is  free.  This  follows  from  the  recognized  law  of  the  cor- 
relation and  conservation  of  forces.  The  force  that  does  not  appear  as 
work  appears  as  heat. 

Duration  of  Electro-muscular  Contractility  after  Death, — The 
muscles  retain  their  contractility  under  electricity  several  hours  after 
death.  The  length  of  time  that  the  electro-muscular  contractility  is 
preserved  varies  with  different  muscles,  with  differenr  animals,  and 
probabl)',  also,  with  the  mode  of  death.  In  order  to  determine  tliis 
question,  Dr.  Beard  has  made  experiments  on  dogs  and  rabbits.  Dr 
OnimuSjt  of  Paris,  has  experimented  on  the  body  of  a  murderer  who 
had  been  guillotined.  He  found  that  the  muscles  of  the  tongue  and  dia- 
phragm were  the  first  to  lose  their  electro-nmscular  contractility.  Next 
came  the  muscles  of  the  face,  among  which  the  masseter  retains  its  ex- 
citability' the  longest.  Two  and  a  half  hours  after  death  the  electro 
muscular  contractility  was  lost  in  all  these  muscles. 

In  the  limbs  the  extensor  muscles  first  lose  their  electro- muscular 
contractility,  and  in  about  an  hour  the  flexors  followed.  The  muscles 
of  the  tnmk  responded  yfrftf  or  six  hours  after  death,  and  the  abdominal 
muscles  longer  still. 

Oniraas  observed  on  the  criminal  what  Dr,  Beard  has  observed  on  dogs 
and  rabbits,  that  when  the  muscle  is  dying  it  contracts  most  noticeably 
at  the  point  where  the  electrodes  are  placed,  and  very  slowly  at  a  dis- 
tance from  the  electrodes  ;  and  that  the  muscles  respond  to  direcl 
electrization  with  needles  after  they  have  ceased  to  respond  to  the  cur 
rent  when  applied  through  the  sKin. 


•  Morgan,  op.  cit.,  p.  58a  et  seq. 

\  Li  Mftivement  MhdicaU,  Feb.,  1873. 
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Previously,  in  Januar)'  and  February,  1802,  Aldini,  a  nepliew  of 
Galvani,  obtained  permission  from  the  government  to  experiment  or 
two  criminals  who  were  executed  at  Boulogne.  Immediately  aftei 
death  the  bodies  were  submitted  to  powerful  galvanic  excitation.  The 
Mosclo  of  the  face  contracted  vigorously  in  such  grimaces  as  to  frighten 
:ike  assistants.  The  limbs  were  violently  convulsed,  and  the  bodies 
acted  as  though  they  would  rise  again  to  life. 

At  Glasgow,  Ure  made  similar  experiments  on  the  body  of  a  crimi- 
nal that  had  been  on  the  gallows  one  hour.  The  applications  were  made 
to  the  spinal  marrow,  the  phrenic  nerves,  and  the  intercostal  muscles. 
According  to  the  position  of  the  electrodes  the  body  was  bent  forcibly 
back,  the  chest  rose  and  fell  as  in  the  act  of  breathing,  and  the  various 
emotions  of  rage,  terror,  despair,  were  depicted  on  the  countenance. 
Ooe  of  the  spectators  fainted,  and  several  were  obUged  to  leave  the 
room. 

EiectrO'pAysiological  Anatomy. — Electro-pkysiologUal  anatomy  treats 
«f  the  physiological  action  of  muscles  under  the  influence  of  the  electrie 
current  applied  in  such  a  way  as  to  produce  contractions. 

The  contraction  observed  in  an  individual  muscle,  when  submitted  to 
the  influence  of  the  electric  current,  closely  resembles  the  contracrion' 
of  the  same  muscle  when  under  the  influence  of  the  will. 

Duchenne  was  the  hrst  to  investigate  this  subject  systematically,  and 
his  researches  have  done  much  to  modify  the  accepted  views  concerning 
the  functions  of  certain  muscles.  Those  who  desire  a  more  complete 
idea  of  his  views  than  is  given  in  the  following  brief  risunUy  we  refer  to 
his  writings.* 

Muscles  of  the  Face — Electro-physiognomy. — This  name  has  been 
applied  to  the  study  of  character  and  expression,  through  localized 
faradization  of  the  muscles  of  the  face.  By  means  of  small  electrodes 
the  current  can  be  localized  so  as  to  produce  contractions  even  in  the 
smallest  muscles.  For  these  experiments  a  recently  dead  subject  has 
this  advantage  over  the  Uving  man,  that  in  the  case  of  the  latter  con- 
tractions produced  by  the  current  would  be  complicated  and  interfered 
with  by  involuntary  movements. 

According  to  Duchenne,  who  has  chiefly  investigated  this  subject,  tht 

•  De  r Electrisation  Localiste  et  de  son  Application  4  la  Pathologic  et  i  la  .Th§r«^ 
'  peotiqoe.  Parts,  t86l.  Also,  M^hanisme  de  la  Physionomie  Humaine,  ou  Analyse 
Electro^phjndologique  de  I' Expression  des  Paisions  applicable  i  la  Pratique  des  Arti 
Pla&iiqaes.  Paris,  i86a  This  work  contains  photographic  representaliotis  of  the 
various  af^iearances  of  the  face  under  electrizatioa  of  the  different  muscles.  Tbex; 
pbotograph<  are  frequeotlj  referred  to  by  Darwin  in  bis  work  on  Expression, 
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frontalis  muscle,  when  a  little  contracted,  expresses  pleasure  ;  whe» 
more  contracted,  astooishnaent  or  doubt;  when  strongly  contracted 
with  other  muscles,  terror. 

Contraction  of  the  pyramidalis  nasi  expresses  sadness  ;  of  the  cor- 
rugator  super cilii^  contemplation  ;  of  the  orbiadaris  palbebrarum^  con- 
tempt. Contraction  of  these  two,  united  with  the  pyramidalis  nasi» 
gives  «-  hateful,  malicious  expression.  Contraction  of  the  triangularis 
nasi  expresses  lust ;  of  the  zygotnaticus  tnajor^  various  degrees  of  mirth ; 
of  the  zygotnaticus  minor^  melancholy  ;  of  the  platystna  myoidesy  hypo- 
critical  laughter;  of  the  p/atysma  myoides^  pain.  Contraction  of  the 
platysma  myoides  zxi^  frontalis  gives  an  expression  of  terror.  Contrac- 
tion of  the  platysma  myoides  and  pyramidalis  expresses  rage.  United 
contraction  of  the  zygomaiicus  major  and  frontalis  produces  an  ex- 
pression of  agreeable  surprise.  Contraction  of  the  buccinator  indicates 
age,  by  making  furrows  in  the  cheek. 

Contraction  of  the  ln>ator  alae  and  labii  superioris  causes  an  unr 
pleasant  expression,  such  as  a  child  exhibits  when  about  to  cry  ;  contrac- 
tion of  the  triangularis  oris  gives  an  expression  of  sadness  or  disgust. 

Contraction  of  the  external  fibres  of  the  orbicularis  oris  gives  the 
lips  a  position  of  whistling  or  kissing ;  contraction  of  the  internal  fibres 
of  the  same  muscle  compresses  the  lips  againsi  the  teeth. 

Muscles  of  the  Upper  Extremity. — The  contractions  resulting  firom 
electrization  of  the  extensors  of  the  fingers  give  to  the  hand  a  peculiar 
appearance. 

The  first  phalanges  not  only  become  extended,  but  are  spread  apart^ 
while  the  last  two  phalanges  become  flexed. 

The  metacari>us  forms  an  angle  with  the  forearm,  and  in  this  condi- 
tion the  hand  resembles,  to  a  certain  extent,  a  bird's  claw. 

Electrization  of  the  extensor  digiti  minimi  proprius  separates  the  lit- 
tle finger  from  its  neighbor,  while  contraction  of  the  extensor  indicis 
proprius  brings  the  index  and  middle  finger  together.  By  the  method 
of  localized  electrization  the  adductors  and  abductors  of  the  fingers, 
and  the  interossei  and  lumbricales,  are  found  to  act  not  only  in  draw- 
ing these  members  together  and  separating  them,  but  also  in  extending 
the  second  phalanx  of  the  thumb  and  the  second  and  third  of  the  other 
fingers. 

The  flexor  poUicis  brevis  is  concerned  in  extending  the  second 
phalanx  of  the  thumb,  as  well  as  in  flexing  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  longus  has 
no  function  to  perform  ;  it  is  only  when  the  forearm  is  prone  that  its 
l^ieculiar  action  is  manifest. 
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aji  paralysis  of  any  one  of  the  above  muscles,  it  is  readily  seen  tha» 
iLe  observation  made  concerning  their  function  is  correct. 

For  example  ;  if  the  adductor  longus  and  extensor  brevis  poUicis  be- 
come paralyred,  the  metacarpal  bone  of  the  thumb  is  adducted  If  the 
extensor  longus  pollicis  is  paralyzed,  the  thumb  is  inclined  towards  the 
metacarpus,  although  its  movements  are  not  markedly  impaired  if  the 
extensor  brevis  and  adductor  longus  are  strong. 

Electrization  of  the  deltoid  not  only  raises  the  upper  arm,  but  also 
▼cry  perceptibly  changes  the  position  of  the  scapula.  The  external 
angle  of  the  shoulder  blade  becomes  depressed,  the  internal  angle  is 
elevated,  while  the  distance  between  its  posterior  spinal  border  and  the 
ribs  b  slightly  increased.  In  paralysis  of  the  deltoid  the  arm  hangs  by 
the  side  almost  completely  helpless.  The  muscle  is  composed  of  three 
distinct  groups  of  fibres,  and  the  degree  of  paralysis  depends  upon  the 
number  of  groups  or  special  group  involved. 

The  pectoralis  major  and  latissimus  dorsi  muscles,  although  situated 
for  the  most  part  on  the  trunk  of  the  body,  are  especially  useful  in 
assisting  in  the  movements  of  the  arm. 

Muscles  of  the  Trunk, — When  all  of  the  fibres  of  the  trapezius  are 
submitted  to  electric  excitation,  the  shoulder-blade  becomes  elevated, 
hs  posterior  border  approaches  the  median  line,  the  shoulders  are 
drawn  backward,  and  the  head  is  thrown  slightly  forward  and  toward 
the  opposite  side.  Like  the  deltoid,  the  trapezius  is  made  up  of  three 
sets  of  fibres. 

When  the  superior  set  is  electrized  the  head  turns  toward  the  side 
irritated,  and  the  face  looks  toward  the  opposite  side- 

The  middle  set  of  fibres  elevates  the  shoulder-blade,  while  by  the 
action  of  the  lower  set  its  inner  angle  is  depressed,  and  its  posterior 
border  is  drawn  toward  the  median  line.  In  complete  paralysis  of  the 
trapezius  the  following  symptoms  are  manifest :  The  back  is  rendered" 
broader,  on  account  of  the  scapula  removing  slightly  from  the  spinous 
processes  j  the  shoulder  becomes  depressed,  and,  on  account  of  the 
absence  of  steady  support  for  the  arm,  its  movements  are  rendered  diffi 
cult  Electrization  of  the  rhomboideus  major  and  minor  muscles  ele- 
vates the  scapula  and  slightly  turns  it  on  its  outer  angle. 

If  the  current  be  sufficiently  intense,  the  lower  angle  of  the  scapuU 
appioaches  nearer  to  the  spinous  processes  than  the  inner. 

If  the  rhomboideu.H  muscles  are  paralyzed,  the  scapula  removes  itself 
somewhat  from  the  walls  of  the  thorax,  the  skin  between  the  shoulder- 
blade  and  the  spine  appears  in  folds,  and  tlie  lower  angle  of  the  bone  '\& 
drawn  forward  and  outward*  on  account  of  the  action  of  the  serratux 
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aodcus  major.  By  excitation  of  the  serratus  anticus  major  the  scapul* 
is  drawn  forward  and  outward,  so  that  the  space  between  its  posterioi 
border  and  the  spine  is  doubled.  The  posterior  border  is  pressed 
against  the  ribs,  while  the  anterior  border  is  markedly  removed  lioin 
them. 

When  the  muscle  is  paralyzed  the  shoulder-blade  sinks  but  little,  so 
long  as  the  arm  hangs  motionless  by  the  side ;  but  as  soon  as  it  is 
moved  from  the  body  the  posterior  border  and  under  angle  of  the 
scapula  are  lifted  from  the  thorax,  while  the  anterior  approaches  it  more 
closely.  In  complete  paralysis  of  the  serratus  anticus  the  movements 
of  the  arm  are  much  impaired. 

A  single  external  intercostal  muscle  may  be  electrized  by  pressing  a 
amall  electrode  against  the  lower  border  of  one  of  the  upper  ribs,  near 
the  origin  of  the  serratus  magnus  muscle. 

The  individual  abdominal  muscles  are  readily  influenced  by  electric 
excitation. 

Electrization  of  the  rectus  muscle  so  stretches  and  draws  it  inward 
tliat  the  abdominal  wall  becomes  flat.  Irritation  of  the  external  oblique 
expands  the  abdomen  laterally. 

If  we  electrize  the  transverse  abdominal,  powerful  transverse  con- 
4ractions  of  the  abdomen  follow.  When  both  phrenic  nerves  are  sub- 
mitted to  electric  excitation,  powerful  and  frequent  contractions  of  the 
diaphragu)  are  produced.  An  increased  amount  of  air  rushes  Into  the 
lungs,  on  account  of  the  capacity  of  tlie  thorax  enlarging  through  the 
descent  of  the  diaphragm,  and  the  moving  outward  of  the  false  ribs. 
Atrophy  of  the  diaphragm  causes,  during  inspiration,  a  depression  of 
the  epigastrium  and  abdominal  walls,  while  the  thorax  expands  as 
usual. 

Muscles  of  the  Lower  Exfremi/ies.-^Eiccihc  excitation  reveals  the 
fact  that  flexion  and  extension  of  tlie  foot  cannot  be  produced  by  the 
flexor  or  extensor  muscles  alone,  since  these  muscles  tend  to  abduct 
aod  adduct  as  well  as  flex  and  extend.  The  flexors  and  extensors 
cause  direct  flexion  and  extension  only  when  they  act  in  conjunction 
with  certain  other  muscles. 

The  movements  of  the  foot  are  controlled  by  four  sets  of  mu< 
These  are  : 

The  tibialis  anticus,  which  at  the  same  time  flexes  and  addacts  tK^'' 
foot — the  flexor  adductor  muscle,   the  extensor  digitorum  communis 
longus  and  extensor  hallucis,  which  flex   and  abduct   the   foot — the 
flexor  abductor. 

The  gastrocnemius  soUus   and   tibialis  posticus,  which  extend  and 
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addttct  ihe  foot — the  extensor  adductor,  and  the  peroneus  longns  ind 
broTS,  which  extend  and  abduct  the  foot — the  extensor  abductor. 

Electmation  of  the  tibialis  anticus,  or,  in  other  words,  the  flexor  ad- 
oactor  muscle,  not  only  extends  and  adducts  the  foot,  but  lifts  the  innei 
border  of  its  upper  portion  as  well. 

Electrization  of  that  group  of  muscles  called  the  flexor  abductor,  be* 
nde&  flexing  and  abducting  the  foot,  extends  the  four  last  toes,  lifts  the 
outer  border  of  the  foot,  turns  the  sole  outward,  and  bends  the  great 
toe. 

Pes  equinus  may  result  from  the  stronger  action  of  the  extensors- 

If  the  flexor  abductor  group  become  paralyzed,  the  movement  of  the 
feoi  is  reversed — the  sole  turning  inward  and  the  anterior  portion  tum- 
tng  upward. 

Electrization  of  the  extensor  adductor  group  so  extends  and  adducts 
the  foot  that  the  heel  is  directed  outward  and  the  great  toe  inward.  The 
firet  phalanges  of  the  toes  become  extended,  and  the  last  flexed,  giving 
to  them  the  form  of  claws. 

Electrization  of  the  extensor  abductor  so  extends  and  abducts  the 
foot  that  the  internal  malleolus  becomes  decidedly  prominent  through 
the  sinking  of  the  inner  border  and  the  elevation  of  the  outer  border 
of  the  foot.  Paralysis  of  this  last-named  group  of  muscles  produces  in 
the  course  of  time  what  may  be  termed  a  flat  foot.  This  results  from 
the  dfeappearance  of  the  arching  of  the  foot. 

In  consequence  of  paralysis  of  the  extensor  adductor  the  foot  natu- 
rally becomes  abducted,  the  arch  of  the  dorsal  surface  is  increased,  and 
instead  of  the  flat  foot  above  mentioned,  we  have  a  very  decided  hollow- 
mg  out  of  the  plantar  side. 


CHAPTER  VIII. 


Acnoit  or  electricity  on  involuntarv  icuscles. 


Contractions  are  pro<Jaced  in  a  voluntary  muscle  the  instant  th< 
poles  of  a  galvanic  battery,  or  of  an  electro-magnetic  machine  in  opcr- 
ation,  are  applied  to  it.  The  contraction  of  the  muscle  continues 
43uring  the  passage  of  X\\efaradic  current,  but  when  the  galvanic  current 
is  used  quickly  relaxes  after  the  first  shock.  When,  however,  the  intes- 
tines, the  stomachy  the  oesophagus,  and  other  parts  which  arc  composed 
of  inveltmtary  muscular  fibre,  are  subjected  to  the  electric  current,  move- 
ments are  not  induced  in  them  until  a  certain  time  after  the  tissue  has  been 
uctea  upon.  The  mmiements  thus  excited  continue  for  a  time  after  the  ctS' 
sation  of  the  current,  and  do  not,  as  in  the  case  of  voluntary  muscles,  at 
once  return  to  their  normal  condition. 

Iris. — Faradization  of  the  iris,  with  a  very  gentle  current  in  a  room 
that  is  moderately  darkened,  causes  it  to  be  constricted  or  dilated,  ac- 
cording to  the  position  of  the  electrodes. 

Stomach. — Faradization  or  galvanization  of  the  stomach  causes  gra- 
dual shortening  of  the  transverse  and  longitudinal  fibres  in  the  direc- 
tion from  the  cardiac  to  the  pyloric  orifice.  Dr.  Rockwell,  in  the  treat- 
ment of  paralysis  of  the  oesophagus  associated  with  a  sort  of  atony  of 
the  stomach,  has  frequently  had  occasion  to  observe  the  readiness  with 
which  this  phenomenon  is  demonstrated  in  the  living  man  by  applica- 
tions  directly  to  the  mucous  surfaces  of  the  parts. 

Intestines.— li  hn^Xy  pointed  electrodes  or  needles,  connected  .ither 
with  a  faradic  or  galvanic  apparatus,  be  applied  to  the  intestine  of 
a  living  or  recently  killed  animal,  steady  and  firm  contraction  takes 
place  at  the  points  where  the  electrodes  are  apphed.  Under  a 
mild  current  the  contraction  is  slow,  steady,  and  gradual.  The  intes- 
tines are  drawn  up  after  the  manner  of  a  woman's  work-bag.  This 
contraction,  though  most  marked  just  at  the  point  where  the  needles 
touch  the  intestines,  is  also  observed  a  little  distance  between  and  or. 
the  outer  side  of  the  needles.  Under  strong  currents  this  constriction 
takes  place  very  rapidly,  and  goes  on  until  the  calibre  of  the  intestinei 
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ts  nearly  closed.  When  the  electrodes  are  removed  tliis  constriction 
«k>«ly  disappears.  These  phenomena  are  seen  both  n  the  large  and 
SBiaU  intestines  and  in  the  rectum.  The  duodenum  responds  most  read 
ily,  the  rectum  and  colon  less  so.  These  phenomena  are  more  or  les« 
modified  by  the  condition  of  the  animal,  whether  living  or  dead,  and 
whether  recently  or  long  killed.  This  fact  of  electro-physiology,  which 
Jaas  been  frequently  demonstrated  on  animals,  is  very  suggestive  in  a 
ixmctical  point  of  view.  The  value  of  electricity  in  constipation  is,  in 
view  of  these  observations,  partially  explained. 

Spleen. — WTicn  the  spleen  of  certain  animals,  living  or  recently  killed, 
9A  the  dog,  is  submitted  to  the  action  of  a  tolerably  strong  current, 
«tther  £uudic  or  galvanic,  a  visible  drawing  and  contraction  through- 
out the  entire  extent  of  the  organ,  not  only  where  the  electrodes  are 
applied,  but  between  them  and  beyond  them,  in  every  direction,  there  ia 
manifest  shrinking  of  the  tissues,  with  change  of  color.  This  fact,  which 
has  been  disputed  by  some  physiologists,  we  have  demonstrated  in  a  vari- 
ety of  experiments.  The  phenomenon  is  not  so  noticeable  in  the 
jpleeu  of  the  rabbit  as  in  that  of  a  dog,  and  in  order  that  it  may 
occur  rapidly  and  be  easily  seen,  the  current  used  must  be  of  consider- 
able strength.  The  shortening  and  discoloration  of  the  spleen  under 
dectiiiation  appears  to  be  more  or  less  permanent.  This  physio- 
logical  fact  suggests  the  query,  whether  the  enlarged  spleen  of  inter- 
mittent fever  might  not  be  treated  by  electricity. 

BlaJd(r. — When  the  filled  or  emptied  bladder  of  a  living  or  recently 
kil!e<l  animal  is  acted  on  by  either  current,  of  moderate  strength,  a 
visible  drawing  and  contraction  take  place  in  various  directions.  The 
tiisuc  becomes  firmer  and  harder,  the  cavity  diminishes,  and  if  it  con- 
tains urine  a  portion  of  it  is  expelled.  This  electro-physiological  fact 
is  otilixcd  in  cases  of  paresis  and  paralysis  of  the  bladder. 

Uterus, — The  uterus  of  animals  and  of  the  human  being  contracts 
mStcx  the  manner  of  the  intestines,  bladder,  and  other  involuntary  muscles. 
Wbaterer  pole  is  used,  or  in  whatever  direction  the  current  be  applied, 
<iOUtriction  takes  place  whenever  the  current  is  applied,  whether  the 
«jtcras  is  or  IS  not  tn  a  gravid  condition.  Both  faradization  and  galvani- 
tation  have  this  slow  contracting  influence  on  the  uterus. 

lo  the  chapter  on  Diseases  of  Women,  tlie  very  interesting  and  im 
^rtanl  practical  applications  of  this  physiological  fact  will  be  pointed 
cmt  in  detail.  It  applies  especially  to  the  electrical  treatment  of  me> 
Critis  and  uterine  engorgements. 

Ureters. — The  ureters  are  constricted  and  shortened  by  electrization, 
azkd  as  in  the  case  of  the  uterus,  the  intestines,  and  the  spleen,  the  con- 
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tiictiOfM  tike  pbce^  accordtog  to  tbe  lav  of  their  ph^-^iological  action 
frtXD  tbe  kidaefs  toward  the  bladder,  unA  the  contractioDS  continue  aftei 
the  electrodes  are  removed. 

Fas  Deferens^  EpidxAywvta,  and  Tunica  Vaginalis. — ^When  the  clectrit 
cnrreat  is  applied  to  the  vas  deferens,  the  epididvraus,  or  the  scrotum, 
they  likewise  contract  after  d>e  manner  of  the  intestines,  uterus,  and  so 
forth.  Tbe  scrotum  contracts  rapidlj,  almost  instantaneously,  under  a 
strong  Giirrent,  and  remains  contracted  for  some  time,  as  we  have 
demonstrated  on  rabbits  and  dogs,  and  on  the  living  human  being. 

GaBMadier. — ^When  a  current  of  constderable  strength  is  applied  to 
tike  galMiibdder  bf  pointed  electrodes,  constriction  takes  place  at  the 
points  of  application,  and  the  whole  bladder  tends  to  contract,  and» 
like  the  urinarj-  bladder,  to  discharge  its  contents.  It  is  not  impossible 
that  a  powerful  current  sent  through  the  liver  of  the  living  subject, 
by  external  applications,  may  cause  contraction  of  the  gall-bladder ; 
and  in  ihb  way  we  may  in  port  explain  the  value  of  electrical  treats 
nent  in  janndice. 

(Esophagus. — In  rodents  the  oesophagus  consists  of  striped  muscle 
only  ;  in  birds  it  consists  of  unstriped  muscle,  and  in  man  of  a  com- 
bination of  both  striped  and  unstriped  muscle.  Both  sets  of  fibres^ 
longitudinal  and  circular,  contract  under  the  current,  not  only  at  the 
points  where  the  electrodes  are  applied,  but  through  the  whole  length 
downward  toward  the  stomach.  In  the  treatment  of  dysphagia  this 
feet  may  well  be  considered. 

Heart. — The  effect  of  electrization  of  the  pneumogastric  and  other 
nerves  that  supply  the  heart  has  already  been  considered-  The  effect 
of  direct  electrization  of  the  tissue  of  the  heart  itself  is  not  without 
mterest.  Galvanization,  with  currents  of  moderate  strength,  of  the 
heart  of  an  animal  that  has  stopped  beating,  may  cause  a  return  of  its 
rhythmical  action.  It  has  been  sometimes  observed  that  the  contrac- 
tions return  more  vigorously  in  the  right  than  in  the  left  side.  Accord- 
ing to  our  observation,  in  the  hearts  of  dogs  and  rabbits  much  depends 
on  the  strength  of  the  current  used.  If  a  strong  current  were  directed 
through  pointed  electrodes  to  the  substance  of  a  heart  of  a  dying 
animal,  the  pulsations  are  in  part  arrested,  but  they  recur  as  soon  as 
this  current  is  broken.  These  conclusions  are  based  on  a  large  number 
of  observations.  When  the  heart  has  fully  stopped  it  may  be  restored 
by  a  weak  current,  and  again  arrested  by  a  strong  current. 

Bloodvessels. — The  small  arteries  that  contain  considerable  imstripcd 
muscle  contract  under  the  current,  after  the  manner  of  the  intestines . 
that  is,  the  contraction  does  not  appear  instantaneously,  but  a  litde 
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time  after  the  needles  are  applied  it  goes  on  slowly,  and  after  the 
needles  are  removed  they  gradually  return  to  their  normal  condition.  In 
the  larger  arteries  this  contraction  is  not  so  marked- 
It  frill  be  observed  that  electricity  acts  on  unstripcd  muscular  fibre, 
in  this  respect  at  least,  very  much  like  ergot.  The  power  of  ergot  to 
constringe  the  blood-vessels  is  the  explanation  of  its  great  value  as  a 
remedy  in  spinal  and  cerebral  congestion.  The  efficacy  of  electrization 
m  the  same  aflfections,  as  well  as  in  sprains  and  various  local  inflamma- 
tions, may  be  in  part  explained  by  the  same  theory.  This  subject  will 
be  discussed  in  the  chapters  devoted  to  the  Influence  of  Electricity  on 
Kutntion  and  Spinal  Congestion. 

The  above  conclusions  are  based  largely  on  our  own  experiments, 
although  many  of  the  observations  had  been  previously  made  by  various 
|ihy&io]ogists. 

There  were,  however,  certain  queries  in  regard  to  the  differential 
action  of  the  poles,  and  of  the  two  currents,  and  of  weak  and  strong, 
on  involuntary  muscle,  that  had  not  been  answered.  These  queries 
have  aimed  to  solve  by  a  large  number  of  experiments  on  animals. 
The  records  of  one  set  of  these  experiments,  noted  at  the  time  by  our 
6iend  Dr.  John  Van  Bibber,  of  Baltimore,  are  herewith  presented  It 
will  be  observed  that  the  chemical  and  other  effects  of  the  current, 
besides  the  contracting  influence,  are  noted. 

Experiment  i. — The  abdominal  cavity  of  a  good-sized  rabbit  was 
o^ned,  and  a  medium  faradic  current,  with  needle  electrodes,  was 
applied  to  the  upper  part  of  the  small  intestines.  Contraction  produced 
most  vigorous  at  the  positive.  A  vermicular  motion  was  also  ob.served  not 
in  the  part  within  the  circuit,  but  extending  some  distance  beyond 
I  pole.  The  rabbit  was  fully  under  etlier,  and  the  only  other  mus- 
cnlar  movements  were  cardiac  and  respiratory.  The  color  of  intes- 
tines was  normal  and  healthy,  and  was  undisturbed  during  this  operation. 
Experiment  2. — A  galvanic  current,  sixteen  cells,  was  now  applied, 
with  needle  electrodes,  a  little  below  point  of  first  experiment.  There 
was  an  immediate  change  in  the  circulation  of  the  part.  It  became 
darker  and  venous  in  its  appearance,  presenting  the  appearance  of  a 
dot  The  intestines,  before  so  flaccid  as  to  render  the  insertion  of  a 
needle  difficult,  became  very  full  and  hard.  The  negative  pole  was 
loose  in  the  tissues,  with  bubbles  of  hydrogen  generated  around  it,  and, 
on  the  other  hand,  the  positive  pole  became  very  firm  in  its  insertion, 
with  evident  constriction  of  muscular  fibre  around  it. 

Tlie  first  effect,  therefore,  seemed  to  be  congestion,  and  afterward 
coagulation. 
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Experiment  T^. — On  stomach,  with  galvanic  cu.Tent,  sixteen  ::clls. 
In  region  of  positive  pole  the  circular  fibres  are  much  contracted,  and 
the  same  disintegrating  effects  of  negative  pole  were  observed. 

Experiment  4. — Faradic  current  on  large  intestine.  Contraction  of 
muscular  fibres  was  observed,  and  thoug'-t  to  be  greater  at  positive 
pole. 

Experiment  5.— Faradic  current  on  spleen.  The  smooth  surface  of 
that  organ  was  soon  corrugated,  tending  to  show  that  the  tissues  were 
contracting  under  its  influence. 

Experiment  6. — Galvanic  current  on  spleen.  Generatioa  of  hydro- 
gen  at  negative  pole,  also  congested  appearance,  and  after  removing 
needle  very  dark  spot  at  negative  pole. 

Experiment  7. — Faradic  current  on  bladder.  The  bladder  was  par- 
tially filled  with  urine,  and  when  the  current  was  applied  there  was 
great  and  immediate  contraction  of  muscular  fibres  and  expulsion  of 
urine. 

Experiment  8. — On  left  kidney,  faradic  current.  Muscle  con- 
tracted, and  seemed  to  be  permanently  so,  at  least  during  observation. 

Right  kidney,  galvanic  current.  Same  effect  at  negative  pole,  dark 
congested  spot ;  but  during  passage  of  current  the  bladder,  which  had 
been  much  contracted  by  faradic  current,  seemed  to  fill  up. 

Experiment  9. — On  liver.  No  action.  The  rabbit  seemed  to  show 
remarkable  vitality,  and  it  was  necessary  to  renew  ether  very  frequendy. 
It  was  determined  then  that  the  electricity  seemed  to  prolong  life,  even 
after  it  had  been  so  taxed  by  anatomical  mutilation. 

The  conclusions  firom  a  large  variety  of  experiments,  of  which  the 
Above  is  a  fair  illustration,  are  these  : 

I.  Both  currents — faradic  and  galvanic^-cause  an  unstriped  muscle 
to  contract  in  accordance  with  the  law  of  its  physiological  action.  It 
remains  contracted,  and  after  the  breaking  of  the  current  gradually 
returns  to  its  normal  condition. 

a.  The  time  when  the  contraction  begins,  and  the  vigor  with  which 
it  continues,  and  the  rapidity  with  which  it  returns  to  its  normal  condi- 
tion, after  the  breaking  of  the  current,  varies  with  the  organ  acted  on, 
with  the  strength  of  tlie  current,  and  with  the  condition  of  the  animal 
au:tcd  on,  whether  living,  dying,  recently  or  long  dead. 

3.  The  positive  pole  has  a  more  powerful  contracting  influence  on 
unstriped  muscles  than  the  negative.  The  differential  action  of  the 
poles  is  seen  in  both  currents,  but  is  more  decided  with  the  galvanic. 
This  fact  we  were,  we  believe,  the  first  to  discover.  This  fact  of  the 
more  potent  action  of  the  positive  pole  on  unstriped  muscle  is  of  con* 
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sideraible  signification  in  the  treatment  of  engorgements  of  the  uteru4 
«tc.     It  will  be  discussed  in  the  chaptHr  on  Diseases  of  Women. 

4.  Unstriped  muscles  can  also  be  made  to  contract  by  faradization 
or  galvanization  of  the  nerves  and  nerve-plexuses  that  supply  them — 
indirect  electrization. 

5.  The  behavior  of  the  different  organs  that  are  sup^  lied  with  un 
striped  muscles  under  electrization  depends  on  the  relative  amount  of 
muscle  in  their  tissues.  The  intestines,  the  scrotum,  contract  rapidly 
and  vigorously ;  the  spleen  and  arteries  less  perceptibly  and  more  slowly. 

The  liver  and  lungs  do  not  apparently  contract  under  either  currenu 
The  electrolytic  action  of  the  current  is  observed  in  tliesc  organs,  as 
in  all  other  tissues. 

6.  The  differential  reaction  of  voluntary  and  involuntary  muscle  tc 
the  current  is  mainly  a  matter  of  degree.  Both  kinds  of  muscle  con- 
tract in  accordance  with  the  law  of  their  physiological  action,  undei 
both  currents,  and  both  return  to  their  normal  condition ;  but  involun- 
tary muscle  returns  very  slowly,  while  voluntary  muscle  returns  rapidly^ 
almost  instantaneously.  When  voluntary  muscles  have  become  greatly 
exhausted  through  fatigu;  or  death,  they  behave  very  much  like  invol- 
untarv  muscles. 


CHAPTER  IX. 

ACTION   or   ELECTRICrry  ON  THE   BLOOD. 

THfc  actior.  of  the  gahanic  current  on  the  blood  is  a  subject  tv 
which  we  have  given  at  different  times  considerable  attention.  Blcod 
coagulates  so  quickly  after  leaving  the  living  body,  that  the  action  ol 
electricity  upon  it  can  only  be  studied  with  satisfaction  when  the  elec 
trod^  are  placed  within  an  artery  or  vein,  or  in  a  current  of  blood  as 
it  flows  from  the  wounded  blood-vessels  before  the  process  of  coagula- 
tion has  set  in.  We  have  experimented  on  blood  with  the  gal- 
vanic  current  in  both  ways. 

When  the  needles  connected  with  the  poles  of  a  galvanic  battery  are 
inserted  into  the  feebly  flowing  blood  of  a  wounded  animal,  electroly- 
sis at  once  takes  place  with  differential  polar  action  of  a  striking  char- 
acter. At  the  positive  pole  a  small»  firm,  and  dark  clot  forms,  that 
adheres  closely  to  the  needle,  especially  if  it  be  steel  that  is  readily  oxi- 
dized. At  the  negative  pole  a  larger,  softer,  lighter,  yellowish  dot 
forms,  with  a  mixture  of  foam  or  froth  from  the  bubbles  of  hydrogen. 

If  the  current  be  strong,  and  the  operation  protracted,  the  positive 
steel  needle  will  become  either  destroyed  by  oxidization  or  greatly 
reduced  in  size. 

From  the  above  it  will  be  seen  that  the  action  of  electricity  on  the 
blood  is  mainly,  if  not  entirely,  of  a  chemical  character — in  a  word, 
thttrolysis^  or  electro-cheraical  decomposition.  GoUibew  and  Burdon- 
Sandcrson  have  studied  the  effect  of  faradization  on  the  blood-corpuscles 
under  the  microscope,  and  RoUet  and  Neuman  have  studied  the  same 
under  the  influence  of  the  galvanic  current  It  has  been  shown  that 
the  red  corpuscles  of  the  blood  are  discolored  by  the  alkalies  of  the 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  positive  pole. 
Under  the  discharges  of  the  Leyden  jar  the  red  corpuscles  change  theii 
fthape  and  lose  tlieir  color. 

March  12th  and  24th,  187 1,  Dr.  Beard  made,  with  Dr.  E.  L.  Keyes, 
a  number  of  ex|>eriments  on  dogs,  in  order  to  determine  the  differen- 
tial action  of  the   |K>les  in   producing  a   clot     One  method  of  ex 


ACTION   OF   ELECTRICITY  ON    THE  BLOOD. 


165 


perinienting  was  10  etherize  .the  aniraaJ,  open  the  abdomen  through 
the  linea  alba,  and  expose  the  aorta,  into  which  needles,  insulated  with 
hard  rubber  up  near  to  their  points,  and  connected  with  both  poles, 
were  introduced.  In  some  cases  the  artery  was  r-onstricted,  in  others 
not.  We  condense  the  record  of  the  experiments  from  the  published 
statements  of  Dr.  Keyes,*  based  mainly  on  notes  made  at  the  time 
by  the  ph>*sicians  who  co-operated  with  us. 

Experiment  I. — March  17th.  A  small  dog  was  etherized,  the 
abdomen  laid  open  through  the  linea  alba,  and  the  aorta  exposed 
Positive  and  negative  needles,  insulated  {imperfectl3')  with  hard  rubber, 
were  introduced  into  the  aorta  about  one  inch  apart.  Both  needles 
were  of  steel,  gold  plated  at  the  points.  The  negative  needle  was  acci- 
dentally run  through  the  artery,  and  emerged  into  the  muscle  beneath. 
The  current  from  sLxteen  cells  of  a  Stohrer's  battery  was  passed  for  ten 
minutes.  The  artery  was  not  compressed.  Blood  flowed  through  it  at 
great  force. 

ResuU, — Bloody  foam  surrounded  the  negative  needle,  the  blood 
emerging  from  the  artery.  Needle  loose.  It  dropped  out,  the  blood 
followed. 

Positive  needle  adherent  to  artery,  requiring  a  little  force  to  pull  it 
away.  Artery  was  cut,  before  the  needle  was  removed,  to  look  for 
clot.  No  clot  discovered  in  the  vessel.  A  little  black  material  was 
found  adherent  to  the  wall  of  the  artery,  and  to  the  positive  needle  at 
the  point  of  entrance.  The  lining  membrane  of  the  artery  was  altered 
and  discolored,  wherever  either  needle  had  touched  it,  over  a  space 
about  one  and  a  half  line  in  diameter. 

Experiment  IV.— Medium-sized  dog  etherized.  Positive  needle 
(platinum),  insulated  with  hard  rubber,  was  placed  in  the  artery.  Nega- 
tive needle  (platinum),  insulated  with  shellac,  in  muscles  near  the  spine. 
Eighteen  cells  Stohrer.  Time,  ten  minutes.  Current  of  blood  about 
three-fourths,  arrested  through  the  artery,  by  compression  with  thumb 
and  fingers,  one  inch  above  and  below  the  needle. 

Rtsult. — Firm  black  clot  outside  of  the  vessel  at  point  of  the  eiv 
trance  of  needle,  and  where  the  opposite  wall  was  touched  by  the 
needle's  point.  Inside — firm,  black  clot,  adherent  to  the  wall,  but  not 
large  enough  to  obliterate  the  vessel. 

Lining  membra  le  of  artery  blue-black,  and  coats  of  %-essel  adherent 
and  condensed  at  point  of  entrance  of  needles,  and  where  opposite  wall 
^lad  been  touched.     Needle  not  much  acted  upon.     A  little  flake  of 


•  Pnctiad  Flfctro- Therapeutics,  New  York  Mtdicat  y<mrna!y  December,  1871. 
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hard  rubber  came  r  ff,  and  was  left  attached  to  the  clot.  A  few  bubblet 
of  oxygen  escaped  from  the  vessel  alongside  the  needle. 

Experiment  VII.— Positive  needle  gold,  non-insulated.  Negative 
needle  steel,  non-insulated.  Both  in  vessel.  Sixteen  cells.  Time 
ten  minutes. 

Result. — Clot  same  at  the  positive  pole  as  in  Experiment  IV.,  but 
action  oo  lining  membrane  was  much  less  than  in  that  experiment. 
Gas  escaped  at  negative  needle.  No  clot  at  negative  needle.  Artery 
compressed  only  below,  circulation  arrested. 

ExpERiMEin-  XI. — ^Renal  artery  of  dog  was  cut,  and  blood  allowed  to 
flow  into  peritoneal  cavity.  As  it  flowed,  negative  and  positive  steel, 
non -insulated  needles,  connected  with  eighteen  cells,  were  dipped  into 
it  Action  commenced  at  once.  A  dark  clot  formed  about  positive 
needle,  and  a  light  foam  around  negative.  At  the  end  of  one  minute, 
at  the  positive  needle,  a  black  clot  had  formed,  a  quarter  of  an  inch  ia 
diameter,  dense  enough  to  be  lifted  out  of  the  fluid  on  the  point  of  the 
needle,  and  to  sustain  its  own  weight.  At  negative  needle  there  was  a 
spumous  yellow  mass,  which  could  be  lilted  in  part  fi-om  the  blood  on 
the  needle's  point,  but  which  had  no  consistence  whatever. 

The  experiments  were  continued  with  Dr.  Keyes,  at  the  slaughter- 
house, the  needles  being  placed  in  the  warm  blood,  as  it  flowed  from 
the  arteries  of  dying  animals.  These  experiments  were  performed 
under  great  difficulties,  and  at  some  risk  of  being  kicked  by  the  expiring 
bullocks,  and  did  not  tlierefore  lead  to  any  important  results. 

Blood  coagulates  so  quickly  after  it  leaves  tlie  body  that  when  we 
wish  to  determine  the  chemical  action  of  the  electric  current  on  it,  it  is 
necessary  to  introduce  the  needles  into  the  vessels  of  the  living  animal, 
or  into  the  blood,  just  as  it  is  flowing  from  the  vessels. 

During  the  winter  of  1873  Dr.  Beard  made,  with  the  assistance  of  Dr. 
J.  H.  Raymond,  similar  experiments  on  dogs  and  rabbits.  The  animals 
were  etherized,  cut  open,  and  the  needles  (platinum)  inserted  into 
different  arteries  and  veins.  In  some  cases  also  the  arteries  were  rup- 
tured, and  the  needles  were  introduced  into  the  pool  of  blood  before  it 
had  rime  to  coagulate. 

The  conclusions  in  regard  to  the  electro-coagulability  of  the  blood, 
to  which  we  have  been  ted  by  these  repeated  experiments  on  animals 
and  on  men  are  these  : 

1.  Both  poles  of  the  galvanic  current  cause  a  clot  in  blood,  either 
running  in  an  artery  or  vein,  or  freshly  drawn,  and  stationary. 

2.  The  positive  clot  is  black,  hard,  and  small ;  the  negarive  dot 
Ts  light,  soft,  and  bulky. 
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3.  These  clots  are  the  result  of  the  electrolytic  action  of  the  cunent, 
with  the  evolution  of  oxygen  and  hydrogen,  of  acids  and  alkalies,  and 
iheir  subsequent  combinations. 

4.  The  largest  clot  and  most  satisfactory  observation  in  an  artery  w 
caused  when  both  pdfs  are  placed  within  the  blood-vessel  and  near  to- 
gether. The  reason  of  this  is,  that  when  the  poles  are  near  together  in 
the  blood,  the  resistance  is  very  much  less  than  when  one  of  the  poles 
is  on  the  surface. 

5.  In  order  to  produce  a  firm  clot  of  sufficient  size  to  obstruct  a 
large  artery,  strong  currents — from  20  to  40  cells — are  required,  anc' 
quite  protracted  stances.  The  process  of  coagulation  under  the  cur 
rent  is  comparatively  a  slow  one. 

6.  Electro-coagulation  in  a  blood-vessel  is  aided  by  any  compressioa 
that  impedes  the  rapidity  of  the  flow  of  the  blood.  The  slower  the  cur- 
rent runs,  the  more  rapid  and  firm  the  coagulation.     Small  and  recent 

dote,  especially  those  connected  with  the  negative  pole,  may  possibly 
be  washed  off.  The  practical  bearings  of  these  conclusions  on  the 
electrical  treatment  of  aneurisms  will  appear  in  the  section  on  Electro 
Surgery 


CHAPTER  X. 


ELECTRO-CONDUCTIVmr  OF    THE   HUMAN    BODY. 


The  chief  constituent  in  the  human  body  is  water,  whicli  is  abonl 
three-fourths  of  its  average  weight.*  The  saline  constituents  which  the 
water  holds  in  solution  vary  in  quantity  and  quality  in  the  different 
tissues  and  the  different  parts  and  organs  of  the  body. 

The  conductibility  of  the  body,  as  a  whole,  may  be  best  understood 
by  regarding  it  as  a  mass  of  water  and  saline  ingredients,  with  solid 
tissue  interspersed.  The  degree  of  resistance  to  the  current  that  differ- 
ent parts  of  the  body  offer  will  therefore  depend  on  their  structure. 
Those  parts  which,  like  the  bones  and  epidermis,  contain  little  water, 
will  offer  a  much  greater  resistance,  and  be  poorer  conductors,  than 
those  parts  which,  like  the  muscles,  nerves  and  tendons,  and  carti- 
lages, contain  a  large  percentage  of  water.  Soft  parts,  like  the  stomach, 
intestines,  and  mucous  membranes  in  general,  offer  comparatively 
little  resistance,  because  they  contain  so  large  a  percentage  of  saline 
solutions.  Saline  solutions  conduct  better  than  simple  water,  and 
warm  saline  solutions  conduct  better  than  those  which  are  cold. 

The  human  body,  as  a  whole,  conducts  electricity  fiftetn  to  twenty 
times  belter  than  pure  cold  water,  provided  the  skin  is  thoroughly  moist- 
ened. It  owes  this  superior  conductibility  to  the  warm  saline  solutions 
which  it  contains.  According  to  recent  experiments  by  Richardson, 
the  blood  is  the  best  conducting  materiaJi  of  the  body. 

Percentage  of  Water  in  the  Tissues. — To  ascertain  the  'dative  pro- 
portion of  water  in  the  different  tissues  of  the  body  is  a  subject  that 
has  occupied  a  number  of  observers.  The  results  of  the  different  inves- 
tigations do  not  agree  mathematically,  for  the  reason,  partly,  that  indi- 
viduals differ  in  the  water-holding  capacity  of  their  tissues,  as  in  all 
other  respects. 

The  following  table  f  gives  at  a  glance  the  results  of  the  different 
investigators  :    . 

•  Pereira,  Food  and  Diel,  Am.  ed.,  p.  39. 

f  Ziemissen,  Die  ElectriatiU  in  der  Median^  ricrte  ganx  ttfflge&rbeitete  Aiflag* 
Ertlc  Halfte.  d.  18.     f8-'-» 
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8o.5 
(£.  Bischoflf) 

85.0 
(Lassaig) 

73.0 
(Lassaig) 
71.0 
(Li  H6rit) 

65,0 
(Von  Bibra), 

77-0  39-68. 

(Ronke)        (VonBibn) 

Mascle 81.2-S4.8. 

(Ranke) 
Lhrer 


White    •♦ 
lienft  nutter 


Elastic  tisae 


icoraea  .. 
skio 
MerAaut 


An  examination  of  the  above  table  shows  clearly  these  two  facts  : 

1.  The  percentage  of  water  in   the  different   tissues  of  the  human 

E'body,  excepting  the  skin  and  bones,  is  almost  unifonn — ranging  be- 
reeo  70  and  90.  The  percentage  of  water  in  the  skin  is  almost  two- 
birds  as  great  as  in  the  brain,  spinal  cord,  and  nerves.  In  the  bones 
he  percentage  of  water  is  one-fifth  that  of  the  soft  tissues. 

2.  There  appears  to  be  more  water  in  the  tissues  of  new-bom  chil- 
dren than  in  adults.     The  difference,  however,  is  but  trifling. 

Investigations  of  a  similar  character  have  been  made  on  the  tissues  of 
gien,  dogs,  frogs,  cats,  hares,  and  rabbits  ;  the  results  do  not  differ  mate- 
rially from  those  obtained  on  the  tissues  of  human  beings. 

Compared  with  a  number  of  metallic  substances,  the  human  body 
is  an  exceedingly  poor  conductor.  Thus  it  has  been  estimated  that 
copper  is  several  thousand  million  times  a  better  conductor  than  the 
human  body. 

Dr.  C.  R  Radcliffe  made  three  experiments,  in  which  he  measured  the 
resistance  of  nerve,  tendon,  and  muscle,  as  nearly  of  the  same  shape 
•nd  size  as  possible.  The  pieces  were  taken  from  the  sciatic  nerve, 
Ae  tendo-Achillis,  and  the  adductor  longus  of  a  recently  killed  rabbit. 
We  found  »he  mean  resistance  of  one  inch  of  the  sciatic  oervc  to  be 
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40,000  units  (see  p.  66) — ihal  is,  about  eight  times  the  resistance  of 
Atlantic  cable ;  of  the  tendon,  38,000  units ;  and  of  the  muscle,  1 2, 
units.* 

Bones  and  Skin  poor  Conductors.-^lK  shoK\\d  never  be  forgotten 
the  epidermis,  in  a  dry  state,  is  a  poor  conductor.  In  practice 
resistance  of  the  epidermis  is  overcome  by  thoroughly  moistening 
The  hair  and  nails  arc  also  poor  conductois.  In  making  application 
the  top  of  the  head  it  is  necessary  to  thoroughly  moisten  the  hair.  ' 
bones  contain  less  water  than  the  soft  parts,  and  are  consequently  po 
conductors.  Soft  parts  which  are  thus  enclosed  in  a  bony  covering 
less  powerfully  affected  than  soft  parts  which  are  not  so  enclosed. 

The  Current  fends  to  take  the  shortest  Way  between  the  Electrode 
The  electric  current  always  takes  the  shortest  and  most  direct  co 
from  one  pole  to  the  other,  provided  the  media  intervening  between 
electrodes  is  of  a  uniform  conductibiUty.  When,  therefore,  the  i>os 
electrode  is  applied  to  one  part  of  the  body,  and  the  negative  to 
other,  the  current  would  diffuse  itself  uniformly  between  the  p< 
provided  the  structures  of  the  body  between  them  were  uniform, 
as  has  been  seen,  the  different  parts  of  the  body  vary  widely  in  re 
to  their  conductibiiity, — those  which  contain  a  large  quantity  of  si 
solutions  being  good  conductors,  and,  vice  versd^  those  which  coi 
a  small  quantity  being  poor  conductors, — the  difference  of  conductil 
between  muscle  and  bone  being  nearly  twenty  to  one.  | 

The  current  does  not  affect  all  parts  alike.  The  extent  to  which 
part  is  directly  reached,  when  the  current  is  applied  over  the  sur 
will  depend  both  on  its  structure  and  its  situation. 

Soft  parts,  which  contain  a  large  amount  of  water,  like  the  b 
spinal  cord,  and  abdominal  viscera,  are  good  conductors,  ind  m 
their  situation  is  unfavorable,  they  are  directly  and  powerfully  affc 
by  the  current,  when  applied  to  the  surface  by  means  of  moist  com 
ors.  On  the  other  hand,  bone,  which  contains  a  much  less  percer 
of  water  than  the  muscles  and  soft  parts,  is  comparatively  a  poor 
ductor.  Accordingly,  soft  parts  which  are  partially  or  entirely  end 
by  bone  are  much  less  readily  affected  by  external  applications  | 
would  be  the  case  if  they  were  exposed. 

Another  legitimate  inference  from  the  accepted  theories  of  the  n; 
of  electricity,  and  from  what  we  know  of  the  relative  conductivi 
the  different  tissues  of  the  body  is,  that  when  electrodes  are  place 
the  surface  of  the  body  the  current  moves  between  them  in  a  Idi 


•  Dynawua  of  Nerve  and  Mutde^  p.  19^ 
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andaktive  or  wave-like  manner,  extending  on  both  sides  of  the  median 
Knc  between  them  for  a  considerable  distance. 

That  these  theories,  in  regard  to  the  electro-conductivity  of  the  body, 
are  sound,  is  proved  in  three  ways : 
1.  By  experiment  on  the  living  subject 
!      2.  By  direct  experiment  with  the  galvanoscopic  frog  and  reflecting 
galvanometer  on  the  dead  subject. 
3-  By  the  evidence  of  pathological  cases. 

That  the  tendency  of  electricity  is  to  take  the  shortest  road  between 
the  electrodes,  is  proved  by  the  following  experiment :  The  two  fore- 
arms are  crossed  so  that  they  touch  each  other  a  little  distance  above 
the  wrisL  Placing  now  one  electrode  on  the  outer  surface  of  each  arm^ 
and  letting  the  galvanic  current  nin,  a  feeling  of  heat  and  pricking  is 
felt,  not  only  beneath  the  electrodes,  but  also,  to  a  less  degree,  at  the 
>lar  surfaces  of  thi  f<yrearms  where  ihey  touch  each  other.  On  remov- 
ing the  electrodes  it  is  observed  that  not  only  the  spots  beneath  the 
electrodes,  but  also  the  spots  where  the  arms  touched,  have  become 
reddened. 

This  shows  that  a  portion  of  the  current  takes  the  shortest  way  from 
one  electrode  to  the  other,  although  that  road  lies  through  two  layer* 
of  epidermis,  which  is  a  very  bad  conductor. 

A  portion  of  the  current,  in  this  experiment,  goes  up  the  arm,  across 
the  body,  and  down  the  other  arm. 

In  order  to  ascertain  what  proportion  of  the  current  took  the  route 
across  the  arms,  Ziemssen  ♦  made  the  following  experiment :  Putting 
one  forearm  over  the  other,  as  in  Erb's  experiment,  he  placed  betiveen 
them  two  plates  of  zinc,  connected  with  a  delicate  reflecting  galvanom- 
eter (see  Electro-Physics,  page  41).  The  result  of  the  experiment,  when 
20  elements  were  directed  across  the  anus,  was  a  deflection  of  the 
needle  36.3*.  The  same  arrangement  made  on  the  dead  body  gave, 
with  10  elements,  a  deflection  of  8.5°  ;  with  15  elements,  a  deflection  of 
19,7**  ;  with  20  elements,  28.2°.  On  separating  the  forearm,  so  that 
die  whole  current  must  run  around  through  the  arms  and  body,  he 
found  that  with  10  elements  there  was  a  deflection  of  15.9°;  with  15 
elements,  a  deflection  of  31.7*  ;  with  20  elements,  a  deflection  of  48.5*, 
The  conclusion  was  that  in  each  experiment  one-half  of  the  current 
went  across  through  the  forearms,  and  the  other  half  up  and  down  the 
aims  and  through  the  body. 
Evidence  of  Paihohgical  Cases, — ^\Vhen  \he  spinal  cord  is  in  a  condi 
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don  of  health,  a  powerful  cairent  may  be  applied  down  the  back  witi 
out  discomfort ;  but  in  cases  of  myelitis,  spinal  congestion,  and  otha 
■norbtd  states,  very  marked  and  peculiar  symptoms  are  sometimes  ob- 
served We  have  seen  a  case  of  myelitis  when  even  a  very  mild  faradic 
current  over  the  spine,  near  the  supposed  seat  of  the  disease,  caused 
severe  pain  in  the  right  leg  that  continued  for  several  hours.  Such  a 
phenomenon  is  never  obser>'ed  in  health-  The  fact  that  it  does  occur, 
especially  when  the  electrodes  are  not  placed  near  any  prominent 
nerves,  shows  very  clearly  that  the  current  affects  the  spinal  cord  in  a 
more  direct  way  than  by  mere  reflex  action. 

The  sensations  of  the  patient,  and  the  results  of  treatment,  also  show 
that  the  stomach,  liver,  spleen,  intestines,  and  the  genital  organs  in 
both  sexes,  are  traversed  by  the  current  in  external  applications  of  either 
current- 

Experinunts  on  Dead  Subject  with  a  Frog  Preparation. — Ejb  opened 
the  skull  of  a  dead  body,  took  out  the  brain,  and  covered  the  out- 
side of  the  skull  with  pieces  of  muscle  about  three-quarters  of  an 
inch  thick.  Over  the  muscle  pieces  of  skin  were  placed,  and  over 
the  skin  the  electrodes.  The  skull  was  then  filled  with  the  brain,  in 
such  a  way  as  to  avoid  any  direct  connection  with  the  muscle.  The 
skull  was  thoroughly  dried,  and  a  prepared  frog  placed  on  the  cerebral 
matter-  A  very  gentle  current  was  then  let  on,  and  both  on  opening 
and  closing  the  frog  contracted  energetically,  showing  that  a  portion  ol 
the  electricity  at  least  passed  through  the  brain.  Branch  currents  may 
also  have  gone  around  through  the  layer  of  muscular  tissue  ;  but  the 
important  point,  that  some  of  the  electricity  took  the  short  way  direct 
thiough  the  skull  and  brain,  was  in  this  experiment  conclusively  shown. 

The  same  experiment  with  the  faradic  current  showed  the  same 
result. 

Similar  experiments  on  the  spinal  cord  showed  that  the  current  pene- 
ti*ated  the  vertebrse  as  readily  as  through  the  skull. 

Actual  Experiment  with  a  Reflecting  Galvanometer. — The  evidences 
already  given  are  sufficient,  with  corroboration,  to  establish  the  fact, 
that  the  electricity,  when  applied  to  the  surface  of  the  body,  goes 
tiirough  the  tissues  !ying  between  the  electrodes,  and  that  all  the  in- 
ternal organs  may  be  thus  acted  on  by  the  current.  The  mathematical 
demonstrations  of  this  fact  that  have  been  recently  made  by  Burchardtt 
and  after  him  by  Ziemssen,  are,  however,  none  the  less  interestmg. 
iiiemsfien's  metliod  of  investigation  was  to  insert  two  platinum  needles 
insulated  to  their  points,  into  the  organ  to  be  experimented  on,  as  the 
4)rain,  spinal  cord,  sympathetic,  lungs,  liver,  etc.,  and  connect  them  with 
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tt  delicate  Wiedmann's  reflecting  galvanometer,  while  the  electrodes  of 
a  galvanic  battery  of  from  i  to  50  elements  were  applied  externally^  in 
such  a  way  that  the  current,  in  passing  from  one  to  the  other,  must 
pass  through  the  place  where  the  points  of  the  needles  were  inserted. 
These  experiments  were  performed  on  the  dead  subject,  and  on  ani- 
mals, living  and  dead.  Unpolarizable  needles  (Electro-Physics,  p.  31) 
were  used.  The  body,  or  pact  to  be  examined,  was  isolated  on  wood 
or  glass.     By  these  means  he  easily  demonstrated  these  two  facts  : 

T.  Thai  all  the  internal  parts  and  organs  of  the  body  can  be  traversed 
hy  derived  currents  (see  page  29)  when  the  electrodes  connected  with 
a  galvanic  battery  arc  properly  placed  on  the  skin. 

When  the  electrodes  are  placed  on  the  head,  derived  currents  pass 
through  the  brain.  When  the  electrodes  are  placed  on  the  spine,  de- 
rived currents  pass  through  the  cord.  In  the  same  way  it  was  demon- 
strated that  the  sympathetic,  heart,  lungs,  liver,  spleen,  intestines,  and 
bladder  were  traversed  by  derived  currents  when  the  electrodes  were 
applied  respectively  to  the  neck,  thorax,  and  abdomen.  Similarly  also 
the  nerve-plexuses  and  great  veins  were  shown  to  be  traversed  by  ctir- 
rents  when  external  applications  were  niade. 

2.  The  derived  currents  were  usually  most  powerful y  that  is,  the 
greatest  quantity  of  electricity  passed  in  a  direct  line,  between  the  elec- 
trodes. 

When  the  ends  of  the  unpolarizable  needles  were  removed  from  one 
another,  near  the  central  line,  the  needles  showed  less  and  less  deflec- 
tion, proving  that  the  derived  currents  were  weaker.  To  this  general 
law  there  are,  however,  exceptions.  The  current  which  contains  a  very 
large  percentage  of  water  conducts  electricity  better  than  other  neigh- 
boring parts,  even  when  out  of  the  axis  of  the  curve. 

3.  The  derived  currents  can  be  sent  through  the  internal  parts  in  any 
direction,  and  increase  in  strength  with  increase  in  the  strength  of  thi 
principal  current. 

When  the  principal  current  is  reversed,  the  derived  currents  will  be 
reversed  also.  In  one  experiment,  on  the  dead  body  of  a  young 
man,  the  electrodes  of  the  principal  current  were  placed  behind  the 
ears.  Two  holes  were  made  in  the  parieta!  bones,  in  the  track  be- 
tween the  electrodes,  and  two  other  holes  were  made,  about  six  centi- 
metres farther  forward,  and  about  eight  centimetres  from  each  other. 
In  the  holes  made  through  the  bones  into  the  brain  were  placed  the 
unpolarizable  needles  connected  with  the  reflecting  galvanometer 
Two  needles  were  also  in  the  tubercula  quadrigemina.  The  results  oi 
&e  observations  are  contained  in  the  following  table : 
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Needles  in  posterior 

poles  in  direct  line 

of  current. 

Needles  in  anterior 
poles  out  of 
direct  line. 

Hceila 

IS- 

o.e* 

1.6* 

a.x*» 

1.7' 

«.!• 

3.2* 

!•  the  above  observation,  which  may  be  regarded  as  a  crodal  aotf 
fMTincing  one,  these  three  points  are  distinctly  proved  : 

J^nt,  That  the  current  passes  from  one  electrode  to  the  other 
dut>ugh  bone  and  brain. 

Stfonii,  That  most  of  the  derived  currents  take  the  direct  route  in  tl«e 
axil  between  the  electrodes,  and  that  the  strength  of  the  derived  currents, 
the  conductivity  of  the  parts  being  the  same,  diminishes  in  proportion 
to  their  distances  from  the  axis. 

Thirds  That  tlie  tubercula  quadrigemina,  by  virtue  of  their  fluid 
ttnicture,  conduct  electricit)'  better  than  the  after  parts  of  the  brain. 

Fourth,  That  the  strength  of  the  currents  sent  through  the  body  it « 
proportioned  with  considerable  exactness  to  the  strength  of  the  current 
employed  in  the  application. 

The  laws  of  conductivity  of  the  body,  as  here  demonstrated  in  the 
brain^  have  also  been  similarly  demonstrated  in  the  spinal  cord  and  in 
all  the  organs  of  the  thorax  and  abdomen. 

The  grand  conclusion  from  all  these  experiments,  and  from  clinical  | 
experience,  is  that  the  eUciro-tonductivity  of  iht  human  body  is  to  be  ' 
explained^  mainly,  by  the  ordinary  pkysiaU  lazes  of  eUttro^otuhutiomt 
and  only  to  a  vtry  limiitd  extent  by  physiology. 

Physiology  and  patkaUgy  may  conae  in  to  modify,  to  a  slight  extent, 
the  conductivity'  of  the  body ;  for,  as  wc  have  seen,  individuals  differ  in 
their  conductivit)\  Increase  in  the  quantity  of  blood  or  salts  in  the  body 
increases  the  conductivity,  and  diminution  of  blood  or  of  the  salts,  as 
takes  place  in  some  diseases,  <&ninishes  the  conductivity.  But  all 
these  varying  factors  have  caused  only  a  verj'  sli^t  perturbation  of  the 
physical  laws  of  electro-conductivity. 

There  is  some  difference  in  the  conductivity  of  the  liviog  and  dead  i 
body,  but  this  difference  can  mostly  be  explained  by /A^jira/ principles.' 
It  may  well  be  questioned  whether  the  principle  of  life,  whatever  that , 
may  be,  cxests  any  very  important  influence  on   electro-conductivity. 
Baichaxdt  faaxA  that  when  more  saline  solutions  were  injected  into  th« 
dead  body  the  electro  conductinty  was  increased.     This  is  just 
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wc  should  expect  on  physical  principles,  because  warm  saline  solulioni 
«re  good  conductors  of  electricity  in  the  body  or  out  of  it. 

According  to  Ranke,  living  muscle  conducts  much  worse  than  dead 
muscle,  the  proportion  being  as  loo  to  56.  Living  muscle  conduct! 
115,000,000  times,  and  dead  muscle  64,400,000  times  worse  than 
•copper.  Dead  muscle  conducts  better  than  living,  on  account  of  tlie 
^leconi position  and  chemical  changes  that  take  place  after  death,  and 
especially  on  account  of  the  accumulation  of  lactic  acid 

RUftrc-conductivity  modified  by  Age  and  Temperament. — ^Young  peo- 
ple oA'er  greater  resistance  than  old  people,  for  the  probable  reason  that 
the  tissues  of  the  old  contain  more  of  the  salts  than  those  of  the  young. 
TTje  hands  of  those  who  labor  with  muscle,  and  whose  epidermis  is 
thereby  thickened,  offer  greater  resistance  than  the  hands  of  those  who 
live  by  brain  alone.  The  right  hand,  being  more  used  than  the  left, 
has  a  thicker  epidermis,  and  therefore  presents  a  greater  resistance. 

Different  individuals  of  the  same  age  and  condition  differ  in  their 
conductivity  in  a  manner  that  cannot  be  fully  explained.  When 
*' shocks"  of  a  battery,  or  faradic  machine,  or  Leyden  jar  are  sent 
through  a  number  of  persons  in  a  row,  some  will  feel  it  slightly,  others 
strongly,  and  perhaps  one  or  more  may  be  almost  if  not  quite  pros 
trated.  This  fact  may  explain  some  of  the  freaks  of  lightning,  for  it 
^as  long  been  known  that  when  a  number  of  persons  are  standing  near 
together  some  maybe  struck  down  and  others  unharmed.  Some  Indians 
and  negroes,  it  is  said,  can  take  hold  of  the  electric  eel  without  receiving 
shocks. 

The  same  individual  may  conduct  differently  at  different  times.  As 
the  body  is  perpetually  changing,  as  it  varies  in  its  intimate  constitu* 
tion,  not  only  from  year  to  year,  but  from  day  to  day,  and  from  moment 
to  moment,  it  is  easy  to  understand  why  it  should  vary  in  its  suscep- 
tibility to  electridty,  just  as  it  v^es  in  its  susceptibility  to  the  articles 
of  ordinaiy  food,  to  stimulants  and  narcotics,  and  to  interna    medi 
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It  ia  not  a  little  surprising  that  electricity  should  have  been  used  u 
a  therapeutic  agent  for  more  than  a  century  before  it  began  to  be 
recognized  amiong  scientific  men  as  a  powerful  means  of  aiding  nutri- 
tion. In  1867,  after  a  series  of  preliminary  experiments,  mainly  con- 
ducted by  Dr  Rockwell,  we  ascertained  that  electrization  was  a  tonie 
of  most  remarkable  efficacy ;  that  its  permanent  tonic  effects  were,  in- 
deed, far  more  wonderful,  as  well  as  more  valuable,  than  its  primary 
stimulating  effects.  When  we  announced  this  discovery  to  the  pro. 
fession,  in  our  Treatise  on  the  Medical  Use  of  Electricity,  the  statement 
was  received  by  many,  and  especially  by  those  accustomed  to  and 
familiar  with  other  electro-physiological  and  electro-therapeutical  re- 
searches, with  incredulity  and  surprise. 

The  attention  of  observers  has  been  so  exclusively  directed  to  the 
primary  stimukling  effects  of  electricity,  that  they  have  neglected  to- 
pursue  the  subject  further,  and  to  study  its  permanent  effects  on  nutrition. 

The  effects  of  the  passage  of  electricity  through  the  body  are  of  a 
fourfold  character : 

1.  Mechanical 

2.  Physical. 

3.  Chemical. 

4.  Phpiohgical. 

Inasmuch  as  the  effect  of  electricity  on  nutrition  is  a  resultant  of 
all  these  four  orders  of  effects,  it  is  necessary  to  speak  of  each  in 
some  detail. 

The  mechanical,  physical,  and  chemical  effects  of  electricity  on  the 
body  are  similar  in  character  to  the  same  effects  of  electricitj'  on  any 
substance  whatever ;  the  physiological  effects  are  those  which  take 
place  in  virtue  of  the  vital  properties  of  the  tissues.  The  mechanical 
effects  of  electricity  on  the  body  are  most  markedly  appreciated  undei 
the  faradic  current.  The  reason  is  clear  from  the  nature  of  the  faradic 
current.  It  is  a  current  of  alternation,  of  to-and-fro  motion,  of  con 
Itant    closing  and   breaking    (see  Electro-Physics,  p.  54).      When  it. 
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through  the  body,  even  when  it  produces  no  nauscular  contrac- 
it  acts  very  much  in  the  same  way  as  gentle  tapping,  or  pound- 
tng,  or  nibbing  on  the  tissues ;  and  this  gives  passive  exercises  to  all 
the  deeper  lying  as  well  as  the  superficial  tissues.  Wc  may  believe 
that  the  molecules  of  the  tissues  are  agitated  by  the  passage  of  the 
current,  as  the  particles  of  a  bar  of  iron  are  moved  by  the  influence  of 
magnetization  (sec  p.  9),  or  as  bodies  are  expanded  by  heat.  The 
nnmerous  branch  currents  going  to  and  fro  act  as  so  many  shuttlecocks, 
keeping  every  atom  in  incessant  disturbance.  That  the  simple  process 
of  tapping  on  the  surface  of  the  body,  by  means  of  the  vibrations  that 
it  excites,  has  a  positively  beneficial  effect  in  certain  chronic  affec- 
tions, has  long  been  recognized.  It  is  reasonable  to  suppose  that  this 
beneficial  effect  is  in  part  due  to  the  increase  of  endosmotic  action. 

Physical  Effects. — The  physical  effects  of  the  passage  of  electricity 
through  the  body  are  heat^  and  the  modification  of  endosmose  and  exos- 
wusty  and  the  transferrence  o{  substances  from  one  pole  to  the  other. 

The  heat  excited  in  the  body  by  the  simple  passage  of  a  weak  cur- 
rent that  causes  no  muscular  contraction,  is  small ;  but  there  is  little 
question  that  heat  is  thus  excited,  although  it  is  difficult  or  impossible 
to  measure  it  by  the  thermometer.  The  main  arguments  in  favor  of 
this  belief  are  (i),  that  all  conductors  of  electricity  become  healed 
more  or  less  in  proportion  to  their  resistance — the  body  offers  great 
resistance,  and  more  or  less  of  the  electric  force  must  be  converted 
into  heat ;  and  (a),  powerful  currents,  either  galvanic  or  faradic, 
even  when  not  used  so  as  to  excite  muscular  contractions,  cause  in- 
crease of  heat  in  the  track  of  its  passage,  so  marked  as  to  be  easily 
detected  by  the  touch.  No  thermometer  is  necessary  to  show  that  in 
electrolytic  operations,  where  strong  currents  are  used,  the  tissues  near 
the  needles,  and  between  them,  become  intensely  heated,  so  that  to 
rest  the  finger  on  them  almost  causes  pain.  This  fact  we  have  demon- 
strated over  and  over  again  in  various  parts  of  the  body.  It  is  equally 
clear  that  the  faradic  current,  even  when  not  very  powerful,  raises  the 
temperature  of  the  parts  through  which  it  passes.  The  sensation  of 
Itiic  patient  and  palpation  by  the  operator  demonstrate  this  beyond 
Idoubt.  Cold  extremities  are  warmed  sensibly  and  quite  rapidly  by 
Iferadization  or  galvanization,  even  when  no  sensible  muscular  contrac- 
tions are  produced  by  the  current.  It  is  logical  to  infer  that  very  weak 
currents,  either  faradic  or  galvanic,  cause  a  slight  increase  of  heat  by 
virtue  of  the  passage  of  the  current,  and  as  a  physical  effect  of  such 
passage,  without  reference  to  the  physiological  phenomenon  that  must 
accompany  the  physical  phenomena,  which  must  probably  also  causa 
la 
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A  fecond  inpoclaat  pbfBcal  dect  of  the  passage  of  an  electric  cur- 
icat  fhiiwigli  die  bodjk  tbe  tiaiiinnice  of  a^istaoces  from  ooe  pole 
to  the  odber.  Tlia  pfaysical  efiect  of  die  current  has  kxig  been  recog- 
nized. In  the  eiectzic  l%jhl,  lor  example,  die  particles  of  carbon  go 
firom  Che  positiTe  to  the  negalxre  pole,  and  to  so  iwarfcrd  a  degree  that 
the  positive  caffoon  ts  quite  TXfiidty  worn  avqr.  A  rery  remarkable 
illastrationof  this  tiaaafaeace  of  matter  in  the  ctackofelectncitj  some- 
times occm  in  B^n«Mig  stroke.  Trastwordij  cases  are  reported  of 
individuals  who  have  been  found  struck  dead  by  Kg^tBtng,  and  beaiing 
on  their  bodies  dtsiBCt  images  or  impcessions  of  sooke  object,  as  a  tree 
or  house,  near  which  they  stood  when  thcj  fdL 

In  1S64,  at  Nibelle,  in  France,  three  men  who  were  gathering  pears 
were  strack  by  li^toing.  One  was  killed  at  once.  The  others  were 
thrown  to  the  ground  imconscioos,  and  one  of  these,  when  taken  home, 
was  foand  to  have  on  his  breast  a  *'  distinct  daguerreotype  of  the  tree." 

In  i860  a  woman  of  Sisonne,  in  France,  who  was  struck  by  lightning, 
carried  on  her  back  a  complete  image  of  a  tree — trunk,  branches,  and 
leaves — that  was  near  the  place  where  she  fctt  A  similar  case  is  re- 
corded by  Franklin.* 

The  explanation  of  all  these  cases  is  the  same  The  particles  of  the 
tree,  reduced  to  great  fineness  by  the  electridt)',  are  mechanically  trans- 
ported and  burned  in  the  skin.  The  process  is  therefore  not  chemical, 
but  mechanical  and  thermic. 

Bodies  have  been  literally  tattooed  in  this  way.  Tran^erence  of  sub- 
stances is  a  part  and  result  of  the  electrol}'sis  in  organic  substances 
ahcady  described  (Electro- Physics,  p.  47),  and  also  of  the  electrolysis 
of  organic  bodies  to  be  hereafter  described. 

The.  electric  currents  also  exercise  a  positive  and  very  interesting  in- 
fluence over  endosmose.  By  the  passage  of  a  galvanic  current  the  endos- 
motic  phenomena  may  be  both  stimulated  or  reversed.  This  is  shown 
in  the  following  experiment  of  Dutrochet :  A  tube  containing  gum- 
water  is  closed  at  one  of  its  ends  by  animal  membrane  and  dipped  in 
a  vessel  containing  common  water.  By  the  ordinary  operation  of  the 
laws  of  endosmosis  the  gura-water  rises  in  the  tube  on  account  of  the 
•ntrance  of  some  of  the  ordinary  water  through  the  membrane  into 
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Ac  ttibc  But  if  the  positive  pole  of  a  galvanic  battery  be  placcti  in 
the  common  water,  and  the  negative  pole  in  the  gum- water,  the  endos- 
CDotic  action  is  stimulated  to  such  a  marked  degree  that  the  level  of  the 
gum-water  rises  with  much  greater  rapidity  ;  if  we  reverse  the  pole  the 
level  of  the  gum- water  in  the  tube  sinks  instead  of  rises.  The  faradic  cur- 
rent from  the  secondary  coil  produces  no  such  effect.  The  current  from 
the  inntr  coil — the  extra  current  so  called — produces  these  effects  to  :• 
less  degree.  It  is  pretty  clear,  therefore,  that  these  phenomena  de- 
pend on  the  chemUal,  and  not  on  the  mechanical  power  of  the  current. 

£iectrical  Endosmosis  is  influenced  by  Strength  of  Current  and  Resist- 
ance of  Circuit. — It  is  found  that  the  quantity  which  rises  is  in  exact  pro- 
portion to  the  strength  of  the  current,  and  to  the  extent  of  the  porous 
surface.  It  has  been  found  that  the  greater  the  resistance  of  the  liquid 
to  electrolysis,  the  more  it  yields  to  this  endosmotic  action. 

The  above  phenomena  have  been  demonstrated  at  different  times,  and 
by  a  variety  of  observers. 

Besides  the  physical  effects  above  described,  there  may  be  many 
others  that  we  cannot  at  present  recognize  or  appreciate,  but  which 
may  be  revealed  by  the  spectroscoj^e  and  other  means  of  refined  re- 
search. 

After  Physical  Effects  of  the  Currents. — It  has  been  observed  that 
platinum  wires  are  contracted  by  the  passage  of  electric  currents  through 
them,  and  that  copper  wires  that  are  used  for  conducting  electricity 
become  brittle  thereby.  The  differential  action  of  the  faradic  and  gal- 
vanic currents  in  this  respect  is  quite  interesting,  for,  according  to 
Ruhmkorff,  the  copper  wires  that  conduct  faradic  currents  hreak  more 
speedily  and  more  frequently  than  those  which  conduct  galvanic  currents 

This  physical  fact  is  very  suggestive  of  what  may  be  facts  in  physi* 
ology  and  pathology.  We  have  already  seen  that  magnetization  has 
physical  effects  of  a  most  decided  character.  We  have  seen  that  it 
causes  sounds  to  proceed  from  the  body  magnetized ;  that  the  body 
magnetized  also  becomes  elongated  ;  and  that  this  elongation  is  proba- 
bly due  to  the  fact  that  the  particles  arrange  themselves,  during  mag- 
nerization,  lengthwise  in  the  direction  of  the  bar.  It  is  not  improbable 
that  the  human  body  in  health  and  in  disease  may  also  be  changed  by 
the  action  of  the  currents  in  a  manner  that  we  do  not  yet  comprehend, 
and  that  such  physical  or  physiological  changes  may  account  for  some 
of  the  therapeutic  effects  of  electrization.  This  probability  apphcs 
espeda^Uy  to  the  after  effects  of  electrical  treatment,  effects  that  are 
noticed  not  while  the  appUcations  are  being  made,  or  during  the  course 
of  the  treatment,  but  weeks  and  months  after  the  treatment  is  discoiiF 
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Ck^mUal  Effeets. — ^The  iKciBiiJil  effects  of  the  cnrrent  &re  mainlf  of 

an  eUttraijtic  dtencter.    Tbef  consst  of  as  efectrcMiiieancal  composi- 

I  two  of  the  ioids  of  vbicii  the  bodjr  is  CJU«nioied     The  general  laws 

I  and  pheiMMDctia  of  dccaoljMS  in  its  rdadoo  to  inorganic  substances 

Wnre  aireadj  been  set  forth  in  the  cfaapcer  oo  that  subject  in  Electro- 

FhysiGi^     It  remains  for  as  here  to  speak  of  elcctrol^^s,  in  its  rela- 

tioD  to  organic  lifie.     At  the  ootaet  we  waj  remark  that  there  \s  no 

evidence  that  ^rg^nitatwm,  ws  sacfa,  aefioosljr  modifies  electro-chemical 

deoompositioci.     The  flnids  of  the  bodjr  decoiapose  under  the  influence 

I  of  the  cttrrent.  just  as  the  same  comtanafiott  of  fluids  with  tissue  would 

decompose  if  not  endowed  with  life.     If  the  results  of  the  electrolysis 

of  the  dead  body  are  different  from  the  results  of  the  electrolysis  of 

the  livB^  body,  it  b  because  of  the  cbetnical  changes  that  take  place  in 

the  body  after  life  has  departed 

The  human  body  is  composed  of  ibtirteen  dififerent  chemical  sub- 
stances, many  of  which  are  singly  capable  of  decomposing  under  the 
current,  and  in  their  varioas  oombinations  are  capable  of  many  decom- 
positions and  recompositions,  with  secondary  results  that  cannot  well  be 
estimated. 

The  general  facts  of  the  electrolysis  of  inorganic  substances,  the  ap- 
pearance of  oxygen  and  acids  at  the  positive  pole,  and  hydrogen  and 
alkalies  at  the  negative  pole,  apply  also  to  the  electrolysis  of  the  living 
body.  The  great  law  arrived  at  by  Faraday,  that  in  electrolysis 
■abttances  are  decomposed  in  equivalent  proportions  (see  Electro- 
Physics,  p.  46),  aiso  finds  no  exception  or  interference  in  organic 
•tnictures. 

Some  of  the  Pkenomaia  of  Electrolysis  of  Living  and  Dead  Tissues. — 
fn  order  to  determine  the  electrolytic  effect  of  the  current  on  organic  sub 
stances  we  have  made  a  wide  variety  of  experiments  on  both  living  and 
dead  tissues,  fluid  and  solid,  in  a  normal  as  well  as  pathological  condi- 
tion, on  animals  and  men.  We  have  tried  the  galvanic  current  on  the 
voluntary  and  involuntary  muscles ;  on  the  mucous  and  serous  mcn»- 
branes  ;  on  brain,  spinal,  and  ner\'e  matter ;  on  the  lungs,  the  heart,  the 
liver,  spleen,  stomach,  intestines,  bladder,  uterus ;  on  the  saliva  and  tlie 
urine  ;  on  the  cartilage  and  on  bones.  The  general  conclusions  at 
whi::h  we  have  arrived  from  these  experiments  are  these  : 

i.  All  these  animal  tissues,  living  or  dead,  decompose,  so  far  as  cai« 
be  seen,  like  inorganic  substances,  and  by  uniform  laws. 

a.  The  fact  most  patent  to  superficial  ohiservation  is  that  the  rapidity 
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of  the  electrolysis  depends  more  on  the  amount  of  fluid  in  the  tissues 
Chan  on  all  other  factors  combined. 

3.  The  great  difference  in  the  effects  of  electrolysis  on  organic  and 
inorganic  substances  is  seen  after  the  current  has  ceased  to  act.  In 
the  electrolysis  of  most  inorganic  substances — such  for  example  as  iodide 
of  potassium,  acetate  of  lead,  chloride  of  sodium,  and  so  forth— the 
effects  cease  as  soon  as  the  current  ceases ;  the  substances  remain  in 
the  condition  that  the  current  left  them.  The  electrolysis  of  organic 
substances  starts  a  process  thai  continues  long  after  the  current  ceases  U 

/MP. 

Bietirolysis  of  the  While  of  an  Egg. — Wlien  the  white  of  an  egg  is 
elcctrolyied  by  copper  needles  or  wire,  white  flakes  rapidly  form  around 
the  needle  connected  with  the  negative  pole,  covering  the  needle  as 
cotton  covers  a  bobbin  of  a  loom.  This  white  covering  soon  becomes 
detached  &ora  the  needle»  if  the  current  is  tolerably  strong,  and  floats 
on  the  surface  of  the  albumen,  and  then  another  similar  envelope  is 
formed  over  the  needle.  In  a  little  time  the  surface  of  the  albumen 
becomes  covered  with  white,  slight  masses,  resembling  what  are  known 
on  our  tables  as  "floating  islands."  These  formations  are  not  coagula, 
as  might  be  suppos.'d,  but  are  simply  composed  of  hydrogen  gas  envel 
oped  by  very  thin  layers  of  albumen,  into  which  it  is  mechanically  driven 
by  the  electrolytic  action,  after  the  analogy  of  soap-bubbles  and  the  froth 
of  a  beaten  egg,  where  the  distension  is  caused  by  common  air  envel- 
oped by  water  and  albumen. 

Besides  these  changes  the  albumen  becomes  discolored,  and  reddish 
yellow  streaks  are  found  at  both  poles.  This  discoloration  is  due  partly 
to  the  action  of  the  oxygen  or  the  albumen  on  the  copper  of  the  eleo 
trodes. 

Although,  as  has  been  said,  platinum  wires  at  the  point  of  insertion 
into  the  substance  are  best  for  these  experiments,  since  they  are  not 
acted  on,  and  exhibit  the  changes  in  their  punty,  yet  a  common  sewing 
or  darning  needle,  or  copper  wire,  will  answer  \  but  it  should  be  borne 
in  mind  that  the  action  of  the  substances  on  these  will  complicate  the 
observation,  and  that  they  will  in  a  short  time  become  destroyed  by 
oxidation. 

Electrolysis  of  Fresh  Afi/A.—^When  fresh  cow's  milk  is  electrolyzed 
with  platinum  needles  an  odor  of  chlorine  is  distinctly  perceived,  due  to 
decomposition  of  the  chloride  of  sodium,  and  Hltle  islands  of  foam  appeat 
on  the  surface.  This  foam,  on  being  broken  up,  gives  forth  an  odor  of 
chlorine,  and  disappears,  showing  that  it  is  not  coagulated  albumeq, 
simply  chlorine  gas  and  albuminous  envelopes. 
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Electrolysis  ef  tht  Aqueous  and  Vitreous  Humors  of  the  -£>•!?.  — When 
platinum  needles  connected  with  a  galvanic  cturent  are  inserted  into 
the  aqueous  and  vitreous  humors  of  the  eye  of  a  dead  or  dying  rabbit, 
rapid  electrolysis  takes  place  at  both  poles,  with  evolution  of  gases  in 
albuminous  envelopes.  A  cloud  resembling  cataract  is  speedily  formed 
over  the  pupil,  and  in  a  few  moments,  if  the  current  be  of  medium 
strength,  the  covering  of  the  eye  vaW  be  ruptured,  with  a  violent  escape 
of  albumen-enveloped  gases.  This  process,  which  Dr.  Beard  has  fre- 
quently studied  in  the  eyes  of  rabbits  and  dogs,  is  similar  to  that  which 
takes  place  in  the  electrolysis  of  hydrocele  and  of  certain  cystic  tumors. 

Electrolysis  of  Beef — It  is  possible  to  gain  a  measurably  correct  idea 
of  what  changes  take  place  during  and  after  electrolysis  of  the  living 
body,  in  health  or  disease,  by  studying  the  phenomena  that  appear 
during  electrolysis  of  dead  tissue.  If  a  piece  of  beefsteak,  for  example^  j 
be  subjected  to  the  action  of  the  galvanic  current  by  needles  connected 
with  the  positive  and  negative  poles,  a  process  somewhat  resembling 
flying  can  be  distinctly  seen  and  heard  and  felt;  more  specifically, 
bubbles  of  hydrogen  appear  at  the  negative  pole,  and  a  kind  of  hissing 
sound  is  heard,  even  when  the  car  is  at  some  little  distance,  and  a  posi-  i 
tive  sensation  of  heat  is  felt  when  the  finger  is  pressed  over  the  part 
that  is  being  electrolyzed.  Under  the  microscope  this  process  can  be 
more  closely  studied.  Chemical  examination  shows  that  oxygen,  acids, 
and  albumen  go  to  the  positive  pole,  while  hydrogen,  alkalies,  and 
coloring  matter  go  to  the  negative,  and  the  action  at  the  negative  pole 
is  much  greater  than  at  the  positive.  Under  this  process  the  beef  be- 
comes gradually  dried  and  changed  in  color,  owing  to  the  disappearance 
of  the  watery  constituents  and  the  other  electrolytic  action ;  and,  in 
proportion  as  the  beef  grows  drier  and  the  fibres  begin  to  lose  their  ad- 
herence and  fall  apart,  the  electrolytic  process  becomes  less  and  ies»  , 
active,  because  there  is  less  fluid  on  which  to  act. 

For  some  hours  after  the  needles  are  removed,  the  process  of  drying 
and  disintegration  and  decoloration  goes  on,  until  the  portion  that  lies 
between  and  near  the  poles  shrivels,  contracts,  and  crumbles,  until  it 
resembles  the  burnt  corners  of  a  piece  of  roast  beef. 

Electrolysis  of  Fruits  and  Vegetables. — We  have  experimented  on  % 
variety  of  fruits  and  vegetables — ^as  oranges,  lemons,  apples,  pears, 
peaches,  potatoes,  turnips,  etc.  The  effects  of  the  electrolytic  action, 
as  they  appear  to  the  eye  and  the  ear,  though  consistent  with  the  great 
general  laws  of  electrolysis  of  inorganic  substances,  yet  are  more  or  les$ 
modified  by  the  varieties  of  structure.  When  a  sound  apple  is  electrO' 
lyzed,  the  part  around  the  negative  needle  changes  in  color  and  looka 
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3s  though  it  had  been  bruised  and  was  beginning  to  decay,  and  the 
needle  soon  becojnes  loosened  and  will  easily  fall  out.  The  process  of 
drying  and  decoloration  goes  on  after  the  operation  is  discontinued.  In 
fruits  and  vegeubles  the  electrolytic  changes  that  take  place  are  largely 
due  to  I  he  electrolyzation  of  water,  which  is  aided  by  the  acids  that 
they  contain. 

When  muscles  have  been  separated  from  the  body  and  submitted  foi 
several  days  to  the  action  of  a  strong  galvanic  current,  there  have  been 
found  at  the  positive  pole  sulphuric,  phosphoric,  hydrochloric  and  azo- 
tic acids,  and  at  the  negative  pole  alkalies — as  soda^  potassa,  and  am- 
monia. 

LegTos  and  Oniraus  have  shown  that  when  an  alkali,  as  carbonate  ot 
soda,  b  placed  at  the  positive  pole  in  electrolysis  of  the  human  body, 
and  an  acid — as  tartaric  acid — at  the  negative  pole,  the  usual  eschars 
have  not  been  formed.  This  would  seem  to  indicate  that  the  cauteriza- 
tion in  electrolysis  is  due  in  part  to  the  acids  and  alkalies  that  result 
from  the  decomposition. 

This  cauterizing  action  is  not  solely  due  to  the  acids  and  aIkaUes,for, 
when  other  adds  and  alkalies  are  applied  to  the  body,  eschars  of  the 
fame  degree  are  not  obtained.  The  current  penetrates  and  pervades 
the  tissues  and  induces  various  changes  beyond  and  beneath  the  eschar, 
which  changes  continue  long  after  the  current  is  broken. 

The  phenomena  above  described  all  occur  under  the  galvanU  cur- 
rent, and  with  needles  as  electrodes. 

The  current  from  the  primary'  coil  of  the  faradic  machines  has  some 
electrolytic  power,  and  even  the  current  from  the  secondary  and  ter- 
tiary coils  is  not  without  some  chemical  effect.  It  is  not  necessar>'  to 
use  needles  or  pointed  electrodes  of  any  kind  in  order  to  produce  elec- 
trolysis ;  but  with  a  sufficient  strength  of  current  the  phenomena  may 
be  produced  by  large,  flat,  metallic  surfaces.  There  is  more  or  lest 
electrolysis  in  all  the  ordinary  applications  of  electricity  to  the  body, 
whether  made  with  metals  or  sponges,  small  or  large. 

Physiological  Effects. — The  physiological  effects  of  electricity,  pro- 
perly so  called,  are  those  which  take  place  by  virtue  of  the  vital  proper- 
ties of  the  body.  The  other  effects  above  described — mechanical, 
physical,  and  chemical — are  not  peculiar  to  living  bodies ;  they  are 
observed  on  the  dead  as  well  as  the  living,  on  inorganic  as  well  as 
organic  substances,  although  they  are,  as  we  have  seen,  more  or  less 
modified  by  vitality.  But  the  physiological  effects  of  which  we  are  here 
to  speak  are  peculiar  to  organization  ;  they  cease  when  life  ceases,  foi 
they  are  mainly  die  modification  of  the  vital  processes  by  electricity. 
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There  are  in  general /i7//r  ways  in  which  electricity  applied  ,0  1 
iues  modihes  their  physiological  functions  : — 

1.  It  may  increase  them. 

2.  It  may  diminish  them. 

3.  It  may  arrest  them. 

4.  It  may  modify  their  quality. 

Some  of  the  more  important  illustrations  of  their  effects  have  b 
already  discussed.  ? 

We  have  seen  that  electricity,  according  to  the  kind  that  is  eraplo; 
and  according  to  the  method  and  strengtli  and  length  of  the  app 
tion,  causes  various  phenomena  on  the  skin,  contracts  voluntary 
involuntary  muscles  when  applied  either  to  the  muscles  themselve 
to  the  nerves  that  supply  them,  and  increases  the  process  of  oxidai 
and  raises  the  temperature,  excites  the  nerves  of  common  and  sp' 
sense  so  as  to  cause  pain,  flashes  before  the  eyes,  noises  in  the  ears, 
a  peculiar  taste  and  odor.  When  applied  to  the  pneuraogastri 
increases,  diminishes,  or  arrests  the  action  of  the  heart. 

It  remains  here  to  speak  of  the  following  physiological  effects  of  > 
tricity : — 

1.  On  the  circulation. 

2,  On  secretion  and  excretion. 
J,  On  absorption. 

The  effect  of  electricity  on  the  circulation  is  somewhat  complex 
includes  the  effect  on  the  heart  and  on  the  unstriped  muscular  fibr 
the  arteries,  as  well  as  on  the  central  and  peripheral  nervous  syste 
general,  since  the  flow  of  blood  in  the  arteries,  veins,  and  capillar 
influenced  by  the  quality  and  quantity  of  innervation  that  they  rec 
We  have  to  speak  merely  of  the  direct  effect  of  electricity  on  the  c 
lary  circulation.  It  has  been  shown  already  that  electrization  0I 
cervical  sympathetic  may  have  the  directly  opposite  effect  of  contra 
or  dilating  the  vessels  of  the  retina.  That  the  same  opposite  c 
may  follow  electrization  of  any  part  or  organ,  depending  on  the 
perament  of  the  patient,  the  quality  of  current,  and  the  length 
ftrenglh  of  the  application,  is  also  demonstrable.  One  effect  is 
stant  under  all  conditions,  and  that  is,  that  the  circulation  is  mo< 
in  one  or  the  other,  or  in  both  ways.  The  average  ultimate  effc 
to  increase  the  Jiarv  of  bloody  raise  the  temperature^  and  dilate  the  1 
Dilatation  of  the  veJus^  after  prolonged  electrization,  is  a  phenom 
tliat  can  be  demonstrated  with  ease  or  any  part  of  the  body  when 
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veins  are  prominent.     The  back  of  the  hand  is  the  best  place  to  study 
this  phenomenon,  and  faradization  illustrates  it  most  distinctly. 

This  enlargement  of  the  veins  is  accompanied  by  a  rise  in  tempera 
turc,  and  especially  if  the  rauscles  have  been  brought  into  vigorous 
coolraction,  that  is  not  only  indicated  by  the  thermometer,  but  is  ap 
prectated  by  the  subject.  Under  general  faradization  the  hands  and 
feet  become  wamier  during  the  sitting,  and  may  remain  warmer  for 
hours.  Central  galvanization,  or  galvanization  of  the  cervical  sympa- 
thetic, also  warms  the  periphery. 

On  Secntimt  and  Excretion. — The  secreting  power  of  the  secreting 
-organs  of  the  body  is  very  markedly  influenced  by  electrization.  The 
usual  effect  Ls  to  increase  their  activity  ;  but  when  very  niiid  currents 
are  used,  such  effect  is  not  always  observed,  and  it  is  probable,  from  our 
experiments,  that  very  strong  currents  may  produce  a  reverse  effecL 

On  the  lachrymal  glands  the  action  of  the  current  is  not  so  easily 
ahown,  because  strong  currents  are  not  well  borne  on  the  face  or  head, 
and  the  glands  themselves  are  not  directly  accessible-  It  is  difficult  to 
decide  whether  the  flow  of  tears  that  accompanies  strong  electrization 
of  the  face  is  the  result  of  the  mechanical  irritation  or  the  physio- 
logical action  of  the  current  on  the  lachrymal  glands  or  the  nerves  that 
supply  them. 

The  secretion  in  mucous  membranes  is  quickly  increased  by  electriza- 
tion, as  can  be  demonstrated  most  easily  on  the  Schneiderian  membrane 
by  means  of  metallic  electrodes  introduced  in  the  nasal  passages. 
This  fact  becomes  of  practical  importance  in  the  treatment  of  the  so- 
called  **dry  catarrh,"  and  also  in  exhausting  diseases,  associated  with 
dr3mes5  of  the  mucous  membranes. 

On  the  salivary  secretion  the  effect  of  the  current  is  very  easy  of  de- 
monstration. That  application  of  the  current,  both  galvanic  and  faradic, 
can  increase  the  secretion  of  the  salivary  glands,  is  very  easily  demon- 
strated. We  have  shown  this  at  various  times  during  the  past  five  years, 
galvanizing  or  faradizing  the  tragus  of  the  ear,  with  either  pole,  or  against 
the  membrana  tyrapani.  This  effect  is  due  to  the  excitation  of  the 
chorda  tyrapani  nerve,  some  of  the  fibres  of  which  go  to  the  submaxillary 
ganglia.  This  increase  of  saliva  is  sometimes  so  great  that,  while  the 
cmrent  is  flowing,  continual  swallowing  is  necessary. 

In  sensitive  persons  the  same  effect  follows,  by  reflex  action,  electri- 
lation  in  almost  any  part  of  the  neck  or  face.     In  certain  pathological 
as  Addison's  disease,  Dr.  Rockwell  ♦  has  found  the  annoying  dry- 
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ness  of  the  mouth  greatly  relieved  by  electrization,  and  in  pathological 
cases  of  the  severe  character,  as  in  diabetes,  when  the  salivary  secie 
tion  may  be  greatly  diminished,  we  have  found  central  galvanization  ta 
increase  the  secretion  quite  rapidly- 

On  the  biliary  secretion  tlie  action  of  the  current  is  less  easy  of  mathe- 
matical demonstration.  The  results  of  external  electrization  in  patho- 
logical cases  seem  to  prove  that  the  quantit)'  of  the  bile  may  be  increased. 
Whether  this  increase  is  due  to  the  action  of  the  current  on  the  sub- 
stance of  the  Uver,  or  the  nerves  that  supply  it,  we  are  not  able  ta 
state. 

The  secretion  o{  gastric  juice,  and  of  the  intestinal fiuid,  is  in  all  prob- 
ability increased  by  external  electrization.  Analogy  would  show  these 
fluids  ought  to  be  secreted  in  greater  abundance  under  the  influence  of 
the  current,  and  the  results  of  treatment  in  pathological  cases  give  this 
probability  something  of  the  force  of  certainty.  Appetite  is  sharpened, 
digestion  is  quickened,  and  constipation  relieved,  both  by  local  and  by 
general  electrical  treatment,  so  rapidly  and  so  decidedly  as  to  make  it 
pretty  evident  that  the  gastric  and  intestinal  fluids  are  made  to  secrete 
more  liberally  by  the  action  of  the  current  on  the  nerves  that  supply 
these  organs  than  on  the  tissues  of  the  organs  themselves. 

An  excellent  means  of  stud>'ing  the  variations  in  the  nutrition  is 
found  in  the  elimination  of  the  urine.  This  is  believed  to  be  a  result 
of  oxidation  processes  that  may  take  place  either  in  the  kidneys  or  ii> 
the  tissues,  or  in  both. 

Legros  and  Onimus  have  studied  the  efiects  of  electrization  of  the 
spine  on  the  elimination  of  urine. 

Their  conclusions,  derived  from  more  than  250  analyses,  made  Ott 
the  urine  of  rabbits  and  of  themselves,  are  these  : — 

1.  Interrupted  currents  diminish  the  quantity  of  urine  and  of  azote. 

2.  Centrifugal  galvanic  currents  increase  the  quantity  of  the  unne 
and  diminish  that  of  the  urea. 

3.  That  continuous  centripetal  currents  increase  the  quantity  of  urea 
without  increasing  the  quantity  of  urine. 

On  the  urinary  secretion  the  effect  of  electrization  can  l>e  demon- 
strated in  pathological  cases  without  difficulty.  In  cases  of  diabetes 
insipidus  and  mellitus,  local  and  general  treadnent  may  cause  great  di- 
minution in  the  discharge,  while  in  dropsy  and  in  rheumatism  we  have 
known  the  kidneys  to  be  stimulated  as  much  as  by  powerful  diuretics. 

On  the  average  man  in  health  there  is  considerable  difficulty  in  estt- 
mating  a  moderate  increase  of  the  urinary  secretion  under  eleclriza 
tion,  for  the  stifficiently  apparent  reason  that  the  quantity  of  urine 
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ici  with  so  many  conditions  of  food,  drink,  and  exercise,  and  sc 
forth  Unless  the  effect  of  electrization  on  the  kidneys  were  immediate 
and  decided,  it  would  be  difficult  to  differentiate  between  its  effects 
and  the  effects  of  the  other  important  and  varying  factors. 

On  the  menstrual  secretion  electricity  acts  with  remarkable  power. 
Both  currents,  applied  externally  and  internally,  centrally  or  generally, 
in  physiological  as  well  as  pathological  cases,  affect  the  quantity  ol 
menstrual  secretion  rapidly,  and  sometimes  permanently.  The  effects 
»re  sometimes  immediate,  taking  place  during  or  directly  after  the 
application.  The  number  of  days  that  the  menses  appear  are  some- 
times increased,  and  entire  sujipression  is  slowly  or  speedily  cured. 

In  pathological  cases,  where  there  is  an  excess  of  menstrual  flow, 
electrizarion  corrects  and  diminishes  it.  These  apparent  and  interesting 
effects  of  electricity  on  the  menstnial  secretion  may  take  place  through 
the  direct  action  of  the  current  on  the  ovaries  and  the  uterus,  or  indi- 
rectly  through  the  brain,  sympathetic,  and  spinal  cord,  and  the  nerves 
^t  supply  the  peUic  organs.  They  may  take  place  through  reflex 
action  from  electrization  of  the  feet  or  hands,  or  other  and  distant  parte 
of  the  body.     Franklinic  electricity  also  produces  these  effects. 

The  whole  subject  is  of  immense  practical  importance,  as  wit  be 
seen  in  the  chapter  devoted  to  Diseases  of  Women. 

On  the  lacUal  secretion  electricity,  especially  the  faradic  cuiicnl, 
acts  with  decided  though  varying  power.  It  has  never  been  known  to 
diminish  it,  while  it  sometimes  increases  it,  and  it  may  restore  it  after 
it  has  been  temporarily  suppressed.  This  physiological  fact  has  & 
practical  signillcance  that  will  appear  in  the  chapter  devoted  to  Mid- 
wifery. 

Similarly  also  the  secretion  of  the  spermatic  Jiuid  is  increased  by  gal- 
vanization or  faradization.  A  mathematical  test  of  the  power  of  elec- 
trizarion to  increase  the  secretion  of  the  testicles  cannot,  for  obvious 
reasons,  be  obtained  ;  but  the  statements  of  individuals  on  whom  the 
experiment  was  tried  seem  to  establish  this  point.  The  applicarions  may 
be  made  not  only  through  the  testicles,  but  through  the  perinseum  and 
over  the  spine.  The  results  are  not  invariable,  but  are  obtained  in  a 
lulficient  number  of  cases  to  make  it  fair  to  regard  such  effect  as  a 
law  of  clectro-phj-siology. 

The  secretion  of  the  sweat  glands  is  also  incre.i«t^  by  powerful' 
^vanization  of  the  central  nervous  system,  and  especially  of  the  cervi^ 
cal  spine  and  sympatheric  In  very  susceptible  patients  either  galvani- 
lation  or  faradization  of  the  head,  n«»ck,  or  spine,  and  strong  electrization 
of  almost  any  part  of  the  body,  will  cause  sensible  perspiration.     We 
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fcavc  seen  individuals  whom  a  few  minutes  of  general  farartization  with 
feeble  currents  brought  out  large  drops  of  sweat  on  the  forehead,  aiw' 
made  the  hands  as  moist  as  though  they  had  been  dipped  in  water. 

On  Af'sorpticn. — The  action  of  electricity  on  the  absorbents  is  best 
studied  in  pathological  cases,  such  as  hypertrophies,  effusions,  and 
morbid  growths. 

In  thickening  of  the  skin  that  appears  in  some  cutaneous  afifections, 
in  corneal  opacities,  tn  enlarged  joints,  in  pleuritic  effusions,  in  hydro- 
cele, in  dropsy  of  various  parts,  in  passive  oedema,  and  in  enlaxged 
glands,  in  tumors  of  nearly  every  variety,  can  be  demonstrated  the  power 
of  electricity  to  produce  absorption.  Reasoning  backward  from  patho- 
logy to  physiology,  we  justly  infer  that  the  same  effect  takes  place,  more 
or  less,  in  all  applications  of  electricity  to  the  body,  but  that  the  degree 
of  it  is  modified  by  the  condition  of  the  part  to  which  the  application 
is  made.  The  effect  on  secretion  is  apparent  at  once  to  the  eye  or  the 
sensation  ;  the  effect  of  absorption  is  apparent  only  to  the  eye,  and 
then  only  when  there  is  a  visible  excess  of  fluid  or  solid  in  the  part  to 
which  the  application  is  made.  This  part  of  our  subject  will  be  prac- 
tically illustrated  in  various  chapters  both  in  Medical  and  Surgical 
Electricity. 

Effects  of  Electricity  produced  by  Reflex  as  well  as  by  Direct  Action, 
— The  reHex  effects  of  electricity  seem  not  to  have  been  fully  recognized 
by  electro-therapeutists.  There  is  considerable  difficulty  in  ascertaining 
the  precise  reflex  effects  of  electricity  on  animals.  The  effects  as  they 
ahow  themselves  on  man  are  largely  sensory,  not  ntotor ;  the  stimula- 
tion of  the  circulation  of  absorption  and  of  secretion  that  might  and 
probably  does  take  place,  reflexly  as  well  as  directly,  is  too  minute  to 
^e  readily  obser\'ed.  We  are  justified  in  believing  that  electricity  acts 
fn  absorption,  secretion,  and  exertion  by  reflex  as  well  as  by  direct  action, 
from  the  fact  that  in  irritable  constitutions  sensory  effects  on  the  sensa- 
tion and  on  circulation,  of  a  marked  character,  are  produced  by  electric 
irritation.  Thus,  for  example,  when  the  hands  or  the  feet  are  traversed 
by  strong  currents,  either  continuously  or  in  sudden  shocks,  pain  or 
■disagreeable  sensations  may  be  felt  in  the  hands  and  feet,  of  the  opjio- 
cite  side,  or  in  the  back,  or  stomach,  or  side.  These  reflex  effects  are 
not  constant,  and  when  we  look  for  them  we  may  not  find  them.  They 
can  be  best  studied  in  persons  who  are  susceptible  to  electricity,  and 
whose  spinal  cords  are  weak  and  irritable.  In  some  pathological  case* 
also,  such  as  chronic  myelitis  of  the  anterior  colunan  (anterior  spinal 
sclerosis),  the  reflex  action  of  electricity  is  illustrated  with  great  dis 
tinciness.     Localised  faradization,  or  galvanization  of  the  lower  limbs 


I 


I 


EFFECT   OF  ELECTRICITY  ON   NUTRITION. 


189 


majr  be  felt  not  only  in  the  part  traversed  by  the  current,  but  in  the 
anns,  in  the  opposite  limb,  in  the  back,  and  stomach  to  such  a  degree 
as  to  cause  pain. 

Strong  currents  acting  on  irritable  constitutions  may  sometimes  by 
reflex  action  shock  the  whole  system,  provided  the  application  be 
localized  in  certain  localities.  Thus  in  a  case  of  very  obstinate  con 
stipalion  that  we  once  treated  by  internal  galvanization  of  the  rectum, 
a  current  of  not  very  great  strength,  suddenly  interrupted,  was  disagree- 
ably felt  in  the  head,  left  hand,  and  feet.  Very  frequently,  indeed,  in 
experimenting  on  ourselves  or  other  individuals,  or  on  animals,  and  in 
treating  patients,  wc  have  received  shocks  through  the  hands  or  arms 
tiiat  seemed  to  be  felt  in  all  parts  of  the  body.  In  some  instances  the 
pain  and  disagreeable  sensations  thus  caused  by  the  reflex  action  of  the 
cxorent  last  for  several  minutes  or  hours. 

On  the  circulation  the  reflex  effects  of  electriration  are  demonstrable 
by  delicate  apparatus  for  testing  temperature.  It  has  been  shown  by 
CJtperiments  that  electrization  of  one  hand  affects  the  circulation  in  the 
band  of  the  other  side,  so  as  to  change  its  temperature  under  the  thermo- 
electric pile. 

Powerful  electri2ation  of  feeble  persons  may  cause  a  general  chilli- 
ness of  the  extremities  that  may  last  for  hours.  A  sensation  of  hav- 
ing caught  cold  has  been  known  to  follow  strong  peripheral  faradiza- 
tion. 

\\Ticther  the  action  of  the  current  on  the  retina  and  on  the  auditory 
and  gustatory  nerve  is  direct  or  reflex  has  been  long  disputed.  Our 
researches  induced  us  to  the  belief  that  electricity  acts  on  the  nerves  of 
special  sense  both  retlexly  and  directly.  That  the  gustatory  nerve  can 
be  treated  by  reflex  action,  we  have  shown  in  a  variety  of  experiments 
with  both  currents.  Sensitive  patients  appreciate  the  sour  or  metallic 
taste  when  the  application  is  made  to  the  lower  part  of  the  spine  or  to 
the  arms.  Similarly,  flashes  before  the  eyes  may  be  produced  when  the 
electrodes  are  so  placed  that  the  current  cannot  traverse  directly  the 
region  of  the  brain  where  the  optic  nerve  takes  its  origin.  Excitation  of 
the  auditory  nerve  by  reflex  action  is  not  so  easily  demonstrated,  but 
tinnitus  aurium  sometimes  follows  electrization  of  the  spine  and  neck, 
■sd  it  is  not  unfair  to  infer  that  it  is  the  result  of  reflex  excitation. 

In  thus  adi  lilting  the  possibility  of  exciting  the  nerves  of  special 
sense,  we  do  not  desire  to  give  the  impression  that  the  ordinary  physio- 
logical excitation  of  these  nerves  under  electricity  is  purely  of  a  reflex 
character  ;  on  the  contrary,  we  have  shown  already,  in  the  chapter  on 
•£lectro-Conductivity,  that  the  current  penetrates  the  brain  and  goei 
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The  very  remarkable  results  that  follow  general  faradization — a 
fnethod  to  be  subsequently  described^are  to  be  accounted  for  in  part 
>y  reflex  actions,  which  are  continually  taking  _)lace  during  all  stages  of 
the  application. 

Practical  Application  of  these  Physiological  Principles  to  Electro- 
Therapeutics. — With  the  above  facts  and  reasonings  before  us  we  are 
^)repared  to  intelligently  appreciate  the  effect  of  electricity  on  nutrition. 
»Ve  do  not  profess  to  have  exhausted  the  rationale  of  the  complex  action 
of  electricity  on  the  tissues,  but  to  have  indicated  the  leading  principles 
by  virtue  of  which  it  affects  the  nutrition  of  the  animal  body.  Many  dis- 
coveries may  yet  be  in  store  for  us  in  this  department ;  it  may  e  shown 
that  ozone  is  {generated  in  the  tissues  with  every  passage  of  the  current, 
and  that  this  ozone  is  taken  into  the  circulation ;  the  subtle  and  intri- 
cate chemistry  of  electrolysis  of  living  tissues  in  their  secondary  and 
■tertiary,  as  well  as  their  primary  changes,  may  be  unfolded  to  the  vision 
of  the  future,  and  what  we  now  see  in  a  glass  darkly  posterity  may 
l>ehold  face  to  face ;  but  sufficient  is  known  to  explain  in  a  most  in- 
teresting way  the  unrivalled  effect  of  electricity  on  the  nutrition. 

An  objection  sometimes  brought  against  electricity  is  that  we  do  not 
onderstand  its  action ;  and  yet  in  the  whole  round  of  stimulating  tonics 
there  are  but  few  whose  action  can  be  so  well  explained  as  that 
of  electricity.  \Vho  knows  how  arsenic  feeds  the  nervous  system  or 
bow  quinine  breaks  an  attack  of  chills  and  fever  ?  Why  does  oxide  of 
zinc  act  with  magic  force  in  chronic  alcoholism  ?  How  does  opium 
produce  sleep  and  relieve  pain ;  and  who  has  entered  into  the  myste- 
ries of  anaesthesia  ? 

Animal  nutrition  is  a  process  of  enormous  complications.  There  is 
00  single  chemical  change  at  which  one  can  point  and  declare  that 
this  explains  the  growth  and  sustenance  of  the  body  ;  but  there  are 
nameless  and  numberless  phenomena  every  moment  going  on  in  the 
living  tissues,  and  as  a  result  of  all  these,  in  their  infinite  play  and  com- 
bination, the  body  lives,  moves,  and  has  its  being.  Electricity  in  pass- 
ing through  the  body  modifies  many  or  all  of  these  processes,  and  thus 
modifies  nutrition.  As  a  resultant  of  the  complex  physical,  chemical, 
and  physiological  action  of  electricity  on  the  tissues,  there  is  increased 
development  and  growth. 

Experimental  and  Clinical  Proofs  of  the  Effect  of  Electricity  on  Nutri- 
tion. — We  have  studied  the  effect  of  electricity  in  great  detail  on  anmiah 
tod  on  man.  On  animals  our  experiments  have  been  confined  to  the 
effects  of  general  faradization ;  on  man  we  have  studied  the  effects  of 
both  loc  lUzed  and  general  tieatmenl. 
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Ot  a  litter  of  four  puppies,  Dr.  Beard  submitted  two  to  general  fkra 
rli/ation  every  other  day,  for  eight  minutes  each,  and  two  were  not  sc 
treated,  all  having  an  equal  chance  at  their  mother's  breast  and  notJiing 
besides.  All  the  puppies  were  carefully  weighed  at  the  beginning  and 
at  the  end  of  the  treatment,  which  lasted  for  four  weeks.  It  was  found 
that  both  of  the  pups  that  had  been  electrized  weighed  more  than  the 
puppies  that  had  not  been  electrized  ;  all  had,  of  course,  increased  ia 
weight,  but  of  those  electrized  one  had  Increased /<?Mr  ounces  and  the 
other  h/i  ounces  more  than  his  fellows  that  had  not  been  electrized. 
The  diflerence  of  size  in  favor  of  the  puppies  that  %vere  electrized  was. 
EO  marked  and  so  easy  to  see,  that  without  great  difficulty  one  who  had 
never  seen  them  succeeded  in  picking  out,  from  ocular  inspection, 
those  that  had  been  treated,  and  that  too  in  the  evening,  and  in  a  badi 
gas-light.  It  was  observed  during  the  treatment  that  the  puppies  which 
were  electrized  became  ravenous,  and  sucked  with  greater  energy  than 
their  less-favored  companions. 

The  method  of  treating  the  pups,  we  may  remark,  was  to  put  them 
on  a  sheet  of  copper,  while  the  hand  of  the  operator  or  a  sponge- 
electrode  was  rubbed  all  over  the  surface  of  the  body,  previously  moist- 
ened. 

The  details  of  the  experiments,  prepared  by  our  assistant,  Dr.  J.  W. 
Sterling,  who  made  the  applications,  are  as  follows  • 

July  I,  1871. — Weight  of  4  pups,  10  days  old  : 

2  black  pups  (weight  each) i  lb.  6  oz. 

2  ycUow  pups,  weight  of  one i  lb.  3^  oz.  ;  other,  i  lb.  z}  oz. 

fitly,  1,  iSyj. — Commenced  general  faradization,  each  application  aboutS  miaate^ 

Applied  it  to  one  of  the  black  pups,  weight  I  lb.  6  oz.,  and  the  ligbtesl  of  the  yeU 
low  pups,  weight  1  lb.  2^  oz. 

Continued  the  applications  Four  weeks,  making  three  each  week. 

July  28,  1871. — Weighed  the  pups  after  twelve  applications. 

I  black  pup  (general  faradization) ..,..,.....,...,,.,.     3  Ibj.     7  oc 

I  black  pup  (no  faradization). , . , , 2    "    13    ** 

I  yellow  p«p  (general  faradization) 3    •*      o    '* 

I  yellow  pup  (no  foiftdization) a    '*    12    " 

Making  a  clear  gain  for  the  electrized  pup  (black)  of  10  oz.,  for  the  yellow  electrized 

pup,  4  oz. 

This  we  believe,  was  the  first  comparative  experiment  of  this  kind 
made  with  the  faradic  current.  Subsequently,  Dr.  Beard  repeated  the 
experiment  on  a  litter  of  three  rabbits.  Two  were  faradized  every  other 
day;  to  the  other  no  treatment  was  given.     At  the  end  of  six  weeks  tb« 
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one  not  treated  was  visibly  larger  than  either  of  those  that  were  treated. 
We  explained  this  unexpected  result  by  the  theory  that  the  cunent  had 
Deen  used  too  strong  and  too  long  for  the  young  and  delicate  animals. 
The  experiment  was  carried  on  while  we  were  in  the  country,  and  the 
details  were  intrusted  to  those  who  were  utterly  incompetent  for  theii 
duties.  The  directions  given  were  to  put  the  feet  of  the  rabbits  in  a 
basin  of  tepid  water,  and  after  well  moistening  the  back  of  the  neck  to 
pass  the  current  through  for  ten  minutes;  on  account  of  the  non  con- 
ductivity of  the  dry  hair  of  the  rabbit,  general  faradization  was  almost 
impossible. 

Legros  and  Onimus  electrized  with  the  gah^ank  current  some  pup- 
,  for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the  fore-paws 
one  of  the  hinder  paws  in  tepid  water  connected  with  the  elec- 
trodes. At  the  end  of  six  weeks  those  that  had  been  electrized  weighed 
EDore  tiian  the  same  lot  that  had  not  been  electrized  ;  and  this  differ- 
ence was  perceptible  to  simple  inspection  ;  one  was  galvanized  with  the 
ascending,  and  the  other  with  the  descending  current. 

The  effect  of  faradization  on  nutrition  is  powerfully  illustrated  by 
the  experience  of  those  who  habitually  or  frequently  apply  general  fara 
dization  through  their  own  persons,  taking  an  electrode  in  one  hand, 
and  appl^-ing  the  other  to  the  body  of  the  patient  In  this  method  the 
current  passes  through  both  arnvs,  and  vigorously  contracts  the  muscles. 

The  permanent  effects  of  the  current  on  the  person  of  the  operator 
are : 

1.  To  cause  very  marked  and  sometimes  rapid  growth  of  the  muscles 
ffthe  arms. 

The  explanation  of  this  phenomenon  is  sufficiently  easy.     The  mus- 

Fcular  contractions  that  are  produced  by  the  current  in  its  passage 
through  the  arras  cause  increase  of  the  local  processes  of  waste  and 
repair,  and  accordingly  the  muscles  increase  in  size,  just  as  they  natu- 
rally do  under  the  influence  of  any  other  form  of  active  or  passive  exer 
cise.  This  mechanical  explanation  would  be  of  itself  sufficient,  but,  in 
addition,  it  is  entirely  probable  that  the  electric  current  exercises  a 
direct  and  specific  influence  on  the  nerve-branches,  which  effect  is  ex 
presseil  by  the  increased  size  and  vigor  of  the  muscles  through  whick 
the  nerves  ramify. 

Dr.  Rockwell,  during  his  first  experimental  attempts  in  the  treatmcnc 
of(fisease  by  general  electrization,  observed  a  decided  increase  in  the 
development  of  the  muscles  of  the  arm.  It  began  to  force  itself  on  hif 
attention  a  few  weeks  after  he  commenced  to  give  special  attention  to 
feoeral  electrization,  and  at  the  present  time  it  is  fully  as  muked  as 
»3 
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ever.  Both  arms  of  each  one  of  us  have  not  only  increased  much  ic 
size  by  actual  measurement,  but  also  correspondingly  in  strength  and 
hardness.  This  effect  is  observed  in  the  arm  and  forearm,  but  most 
decidedly  in  the  muscles  which,  from  their  position  or  ner\'e  supply, 
contract  most  readily  and  vigorously  when  the  current  passes  from 
hand  to  hand,  such  as  the  deltoid,  brachialis  anticus,  biceps,  and  the 
flexors  and  extensors  of  the  forearm.  This  same  effect  has  been  noticed, 
to  a  greater  or  less  degree,  by  our  students,  and,  so  far  as  we  have 
been  able  to  ascertain,  by  others,  who  have  employed  electricity  through 
their  own  persons  for  any  considerable  period.  This  development  of  the 
arras  seems  to  progress  up  to  a  certain  limit,  at  which  it  remains. 

2.  A  very  gradual  but  decided  tonic  injluence  on  the  system. 

This  effect  is  so  exceedingly  slight,  that  in  a  very  hardy  and  vigorous 
person  it  would  not  be  recognized-  That  the  current,  in  passing  from 
hand  to  hand»  so  frequently  and  so  long,  should,  in  the  course  of  time, 
mildly  affect  the  general  system,  is  entirely  probable.  Like  any  other 
muscular  exercise  of  the  arms — gymnastics  and  the  use  of  the  clubs- 
its  influence,  so  far  as  it  goes,  must  be  positively  touiiig  and  beneficial 
to  the  constitution. 

Effects  of  Electricity  on  Bacteria. —  Cohn  has  experimented  with 
electricity  on  bacteria.*  Currents  from  two  powerful  elements,  steril- 
ized the  nutritive  solution  completely  at  the  positive  pole  in  twelve  to 
twenty-four  hours,  so  that  afterward  the  bacteria  produced  did  not  in- 
crease. At  the  negative  pole  die  action  was  weaker,  the  Liquid  not 
being  completely  sterilized.  At  neither  of  the  poles  were  the  bacteria 
killed,  and  when  brought  into  another  nutritive  fluid  they  developed 
norjually. 

Yeast-cells,  on  the  other  hand,  and  mycelium  fungus,  brought  into 
ihe  liquid  that  was  sterile  for  bacteria,  increased  plentifully  at  the  posi- 
tive pole.  A  battery  of  five  strong  elements  killed  the  bacteria  dis- 
tributed in  the  liquid  within  twenty-four  hours  and  sterilized  the  liquid 
at  both  poles. 

Effect  of  Electricity  on  the  Growth  of  Plants. — The  influence  of 
electricity  on  the  growth  of  plants  has  recently  been  studied  by  Mr.  H. 
H.  Bridgenian,  of  Norwich,  England.  On  a  plate  of  glass  three  inches 
square,  two  strips  of  sheet- tin  are  laid,  so  as  to  almost  touch  in  the 
centre.  On  this  glass,  and  over  the  tin  strips,  is  spread  a  piece  of  felt 
moistened  with  rain  water  On  its  dampened  surface  cress-seeds  are 
thickly  strewed.    The  tin  plates  are  connected  with  the  poles  of  a  weak 


*  Med.  Press  and  Circular,  June  9,  tS&X 
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galvanic  battery ;  the  result  is  that  one-half  of  the  felt  is  charged  with 
positive  and  the  other  half  with  negative  electricity.  At  the  side  of  this 
plate  is  a  second  plate,  which  has  connection  with  the  battery,  and 
upon  which  the  seeds  grow,  subjected  to  no  artificial  conditions.  After 
four  days  the  seeds  on  the  opposite  side  of  the  first  piece  of  felting  gave 
signs  of  germination,  and  the  hulls  were  shrivelling  up  and  becoming 
black.  On  the  negative  side  of  the  felting  the  seeds  were  swollen,  and 
their  hulls,  which  retained  their  natural  color,  were  beginning  to  burst. 
At  the  end  of  six  days  the  first  shoots  made  their  appearance.  Several 
days  later  the  first  shoots  appeared  upon  the  second  plate.  A  strange 
result  of  this  trial  was,  that  while  on  the  negative  pole,  where  there  was 
T  every  sign  of  stronger  development,  the  root-sprout  sank  downward 
into  the  moist  felting,  the  roots  from  the  positive  side  rose  upward  from 
the  blackened  and  dried-up  seeds. 
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HISTORY  OF   ELECTRO-THERAPEUTICS. 


EUcfrO'TherapeutUs  is  thi  science  that  treats  of  the  study  of  ekeiri- 
city  in  its  relation  to  disease. 

It  includes  both  Electro-Medicine  and  Electro-Surgery,  or  as  thc> 
are  more  commonly  terraedj  Medical  and  Surgical  Electricity*    Undei 

Medical  Electricity  are  indnded Electro-Diagnosis,  or  Electro-Fathology, 
as  it  is  sometimes  termed,  and  Electro- Therapeutical  Anatomy. 

The  earliest  history  of  electro-therapeutics,  as  of  many  other  depart, 
ments  of  medicine,  is  shrouded  in  obscurity.  It  dates  back  to  a  mythi. 
cal  and  legendary  age,  before  mankind  had  been  trained  to  habits  of 
scientific  criticism,  while  yet  history  was  a  mass  of  traditions,  and  rumor 
was  a  substitute  for  truth. 

It  is  said  that  centuries  ago  the  n egresses  of  West  Africa  were  accus- 
tomed to  dip  their  sick  children  in  water  where  lay  tJie  electric  fish  called 
the  torpedo.  The  remedial  powers  of  electricity  were  also  referred  to  by 
Pliny  and  Dioscorides.  Scribonius  Largus,  a  physician  of  the  time  of 
Tiberius,  was  accustomed  to  prescribe  the  same  remedy  in  the  treat- 
ment of  gout.  As  long  ago  as  the  days  of  Pliny,  necklaces  of  amber 
were  worn  by  women  and  children  for  the  sake  of  their  supposed  reme- 
dial powers. 

The  mysterious  power  of  the  magnet  was  known  to  the  ancient  world, 
Dut  we  have  no  reason  to  believe  that  it  was  ever  extensively  resorted 
to  by  them  for  the  cure  of  disease.  In  Europe,  during  the  middle  ages, 
the  loadstone  was  used  in  the  treatment  of  disease,  and  although  its 
successes  were  trifling  it  aroused  the  professional  attention  and  received 
extravagant  praise  from  the  distinguished  Paracelsus.  About  the  mid- 
dle of  the  eighteenth  century,  Maximilian  Hehl,  of  Vienna,  and  others, 
excited  a  new  and  more  successful  interest  in  the  use  of  magnetism  in 
disease  by  the  manufacture  and  employment  of  artificial  magnets. 

The  real  history  of  electro-therapeutics  may  be  divided  into  three 
eras  :  the  Era  of  Franklinic  Electricity^  including  the  early  and  crude 
experiments  with  the  frictional  machines  and  the  I-eyden  jar  \  the  Bri§ 
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«j/  GaivaniscUicn^  beginning  wilh  the  publication  of  the  discovery  of 
GaJvani,  in  1791,  and  including  the  invention  and  medical  employment 
oif  the  voltaic  pile  ;  the  Era  0/ Faradisation,  beginning  with  the  discov- 
ery of  induction,  in  1831-32,  and  including  all  that  has  since  been  ac- 
complished in  the  department  of  localized  and  general  electrization. 

In  the  first  era  only  Jranklinic  electricity  was  used,  because  it  was 
the  only  form  that  was  known ;  in  the  second  era,  both  franklinic 
electricity  and  galvanism  were  used,  since  the  latter  supplemented,  but 
not  entirely  supplanted,  the  former  ;  in  the  third  era,  all  three  forms  of 
electricity — franklinic,  galvanic,  and  faradic — were  brought  into  requisi 
tion,  though  the  use  of  franklinic  is  confined  to  a  few,  and  will  proba^ 
bly  soon  become  historic. 

The  Era  of  Franklinic  Electricity. — The  records  of  this  era,  thcu^^ 
not  extensive,  are  yet  both  inlercsting  and  suggestive.  It  is  probable 
that  in  this,  as  in  the  second  era,  very  much  was  attempted  and  even 
accomplished  in  this  department  that  has  never  been  recorded  in  per- 
manent medical  literature,  and  therefore  could  never  become  of  value 
to  science. 

In  1730  Etienne  Grey  first  observed  divergence  of  the  hairs  in  an 
isolated  subject  put  in  communication  with  static  electricity. 

The  same  experiment  was  repeated  by  Abb6  Nollet  and  Du  Fay. 
I)u  Fay  observed  the  electric  sparks  drawn  fi-om  the  isolated  subject. 

Nollet  says,  "  I  shall  never  forget  the  surprise  which  the  first  electric 
■park  ever  drawn  from  the  human  body,  excited  both  in  M.  Du  Fay 
and  myself." 

Sparks  were  then  drawn  from  the  body  in  various  shapes — one  of 
which  was  called  the  electrical  kiss ;  other  forms  were  known  as  the 
"electrical  star,"  ••  electrical  rain,"  and  so  forth.  The  drawing  of  the 
sparks  constituted  a  great  source  of  amusement  in  the  society  of  the 
period. 

In  1743  Kruger  d'Helmstadt  suggested  that  these  electric  sparkt 
might  be  made  of  service  in  therapeutics. 

In  1744  Kratzenstein,  a  Gerroan  physician,  recorded  a  case  of 
oire  of  paralysis  of  the  fingers  by  sparks  drawn  from  a  frictional  ap> 
paratus. 

In  1746  the  discovery  of  the  properties  of  the  Leyden  jar  by  Mus- 
chenbrock  gave  physicians  a  new  means  of  using  electricity  in  the 
treatment  of  disease. 

In  1749  Jallabert,*  of  Geneva,  published  a  treatise  on  the  medical 
use  of  electricity,  in  which  he  reported  a  cure  of  long'Standing  paralysii 

•  Exptrie$u€t  mr  EUctridU,  Paris,  1747. 
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of  the  right  arm,  resulting  from  injury,  by  electric  sparks.     The  a 
was  brought  about  in  two  or  three  months,  and  may  perhaps  be 
garded  as  the  first  decided  and  unquestioned  result  of  the  kind  tliat  ** 
obtained  in  the  early  days  of  electro-therapeutics. 

1750  Nebel  showed  that  contraction  of  the  muscular  tissue  was  p 
duced  by  electrization. 

Bohadtch,  of  Bohemia,  also  recommended  electricity,  especially 
the  treatment  of  hemiplegia. 

In  1 75  J  Lindhult,  a  Swedish  physician,  reported  a  cureofepile] 
by  electricity. 

In  1754  Salzer  made  his  famous  experiment  on  the  tongue  with  z 
and  copper  plates.  (See  Electro-Physiology).  He  did  not,  howei 
pursue  his  experiments,  and  it  wis  resen,'ed  for  Galvani  and  Volia 
discover  galvanism. 

In  1755  De  Haen  reported  a  large  number  of  electrical  cures 
paralysis,  spasmodic  and  other  nervous  affections,  and  also  of  supp 
«ion  of  the  menses,  and  St.  Guy's  dance.  About  this  time,  a 
Schaeffer  and  Nebel  published  cures  of  rheumatism,  toothache,  hy 
chondiia,  paralysis  of  the  optic  nerve,  and  of  intermittent  fever 
neuralgic  pains.  Between  1750  and  1757,  cures  of  paralysis  were 
ported  by  Brydone,  Bertholon,  Sauvages  of  Montpelier,  aiid  Spry, 
latter  of  whom  cured  a  case  of  lockjaw  and  paralysis. 

The  position  that  electro-therapeutics  held  at  that  time,  and 
hopes  that  were  entertained  of  it,  is  very  well  represented  in  a  li 
treatise  by  the  eminent  divine,  Rev.  John  Wesley,  entitled,  The  Dt 
iratum  ;  or^  Electricity  Made  Plain  and  Useftti,  by  a  Lover  of  Mcmk 
and  of  Common  Sense.     1 759.* 

In  this  treatise  the  author  anticipates,  in  a  sort  of  theoretical  \ 
ver)  much  that  has  since  been  demonstrated,  both  in  electro-physics 
electrotherapeutics,  and  with  surprising  accuracy.  In  the  prefaci 
acknowledges  his  indebtedness  "to  Mr.  Franklin  for  the  specula 
part,  and  to  Mr.  Lovett  for  the  practical."  He  also  mentions  as  autl 
ties,  Dr.  Haadley,  Mr.  Wilson,  Watson,  Freke,  Martin,  Watkins, 
the  Monthly  Magazine,  whence  we  may  conclude  that  even  at 
early  day  the  subject  was  exciting  much  interest,  but  more  among 
laity  than  in  the  profession. 

From  the  tone  of  the  book   it  is  clear  that   the  Faculty,  as  We 
calls    the   profession,  were  disposed    to    despise    electro-therapei 


•  Thii  treatise  has  been  recently  republished  by  Bftilliire,  TindJtll  &  Cox.    Lot 
1871. 
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and  to  reject  its  claims,  as  they  have  been  ever  since,  until  within  a  few 
years,  and  consequently  they  suffered  what  was  really  valuable  in  medi. 
dne  to  be  monopolized  by  the  laity. 

The  mind  of  Mr.  Wesley,  as  the  world  knows,  was  of  the  practical 
sort,  and  in  this  treatise  he  does  not  suffer  himself  to  be  carried  away 
into  gross  hyperbole  or  serious  untruth.  He  expressly  disclaims  anj 
idea  of  regarding  electricity  as  a  panacea,  but  says  what  we  now  know 
to  be  true,  that  it  is  indicated  in  a  wide  range  of  disorders  j  but  that  if 
any  one  agent  should  ever  become  a  panacea,  electricity  stood  the  best 
chance  of  being  that  agent. 

Evidently  ignorant  of  Franklin's  invention  of  lightning-rods,  in  1775, 
he  suggests  that  buildings  and  ships  might  be  saved  from  the  effects  of 
fi^tning,  by  "  upright  rods  of  iron,  made  sharp  as  needles  and  gilded  to 
prevent  rusting,"  and  connected  with  the  earth.  He  further  suggests, 
that  the  northern  lights  are  of  electrical  origin. 

He  gives  the  following  list  of  diseases  in  which  electricity  is  of  service, 
with  a  number  of  illustrative  cases,  most  of  which  are  very  imperfectly 
detailed.  It  will  be  observed  that  most  of  these  diseases  are  still  treat- 
ed electrically,  and  with  greater  or  less  success.  It  seems  from  the  list 
that  the  treatment  of  diseases  of  the  skin  by  electricity  is  simply 
another  attempt  to  effect  what  was  accomplished  with  success  more 
than  a  century  ago. 

All  these  conclusions  of  Wesley  and  his  contemporaries  were,  how- 
ever, based  on  experiments  made  with  franklinic  electricity.  The 
world  was  to  wait  forty-one  years  for  the  Voltaic  pile,  and  seventy  hvo 
years  for  Faraday  to  discover  induction. 

••Agnes,  St.  Anthony's  Fire  ;  Blindness,  even  from  a  Gutta  Serena;  Blood  Extra- 
vaaated  ;  Bronchoccle;  ChJorosis;  Coldness  in  the  Feet ;  Consumption  ;  Contraction 
of  the  Limbs ;  Cramps ;  Deafness ;  Dropsy  ;  Epilepsy  ;  Feet  violently  disordered  ; 
Felons;  Fistula  Lacrymalis ;  Gout;  Gravel;  Head  -  ache ;  Hysterics;  Inflamma- 
tions ;  King's  Evil ;  Knots  in  the  Flesh  ;  L.Amenes3  ;  Leprosy ;  Mortification  ;  Pain 
in  the  Back,  in  the  Stomach ;  Palpitations  of  the  Heart ;  Palsy ;  Pleurisy ;  Kheu- 
matism  ;  Ring>vorms ;  Sciatica ;  Shingles ;  Sprain  ;  Sore  Feet ;  Swellings  of  all 
kinds ;  Throat  sore  ;  Toe  hurt  ;  Tooth-ache  ;   Wen." 

In  1763  Watson  cured  a  case  of  general  tetanus  in  a  young  girl  of 
seven  years,  .\lthough  the  fame  of  the  cures  wrought  by  electricity 
attracted  crowds  of  invalids,  yet  by  the  ignorant  and  superstirious  it 
was  confounded  with  witchcraft,  and  the  aid  of  the  priest  was  invoked 
to  save  them  from  its  baneful  influence.* 

•  A  Treatixe  on  Afedical  El«fricUy,  Thtitreticat  and  Praeiieai  By  J.  Aithan^ 
M4).     1870,  p.  284. 
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CRUDENESS  OF  THE  EARLY  EXPERIMENTS. 


Abb6  Sans  published  a  work  on  the  medical  use  of  electricity,  and 
recorded  iraportant  cures.  According  to  this  authority,  there  were 
seven  different  methods  of  emplo}'ing  static  electricity — "  an  electric 
bath,  drawing  sparks,  by  irroration,  friction,  insufflation,  exhaustion,  and 
commotion."  Injorious  and  negative  as  well  as  favorable  results  were 
sometimes  reported  Thus  Dr  Hart  brought  on  paralysis  in  a  girl^ 
and  Abb6  Mazras  excited  epilepsy  in  one  of  his  patients.  Benjanuo 
Franklin  failed  to  cure  the  invalids  that  flocked  to  him  after  his  great 
discovery,  and  Abh6  NoIIet,  after  many  years'  experience,  was  com- 
pelled to  admit  that  he  had  seen  but  little  permanent  benefit  from 
electricity. 

Symptoms  only  treated  in  these  early  Experiments.— In  these  early 
and  many  of  the  later  experiments,  not  disease,  but  the  results  of 
disease,  were  both  suidied  and  treated.  When  electricity  was  applied,  it 
was  to  the  symptoms  and  not  to  the  pathological  condition ;  hence  the 
enormous  blunders  and  frequent  failures  of  the  early  electro-therapeu- 
tists. The  symptoms  most  treated,  and  in  the  treatment  of  which  the 
greatest  hopes  were  entertained,  were  blindness,  deafness,  paralysis  of 
motion,  syuiptonis  which  are  now  known  to  depend,  in  very  many  in- 
stances, on  pathological  states,  which  are  in  their  very  nature  as  incurable 
as  death  itself.  Still  further,  the  applications  were  made  to  the  seat  of 
the  symptoms  exclusively,  instead  of  to  the  seat  of  the  disease,  and  this 
mistake  helped  to  swell  the  number  of  the  failures. 

Physiology  and  pathology  had  not  yet  reached  that  degree  of  strength 
and  breadth  of  sureness  to  furnish  good  foundation  on  which  to  erect 
the  science  of  electro-therapeutics,  and  withal  the  appliances  for  gene- 
rating electricity  were  bulky  and  untrustworthy. 

Electro-therapeutics  was  therefore  baffled  in  its  first  attempts  at 
growth,  through  lack  of  needful  support  from  allied  and  fundamental 
sciences  ;  it  must  wait  for  physics,  for  physiology,  for  pathology  to  come 
to  its  rescue,  which  in  due  time  they  have  done  and  arc  now  doing. 

In  1773  and  1778  Maduyt  presented  memoirs  *  f  on  the  subject, 
in  which  he  affirmed  in  his  report  that  electricity  was  a  remedy  of  vast 
and  varied  powers  ;  that  it  had  a  positive  and  very  beneficial  influence 
over  nutrition  ;  and  that  it  equalized  the  circulation,  materially  affected 
the  pulse,  the  perspiration,  and  the  secretions ;  and  was  surprisingly 

*  Mem.  sur  les  effets  ginit&Mx,  la  nature  et  I'usage  du  fluide  rflectrique  consider* 
corame  medicament.     Lu  en  dicembre,  1778,  k  la  Sociitrf  royale  de  nnMediic. 

f  Mem.  sur  Ics  differentes  mualires  d'atlniiaiUrer  I'^lectricilt^,  et  observatioDS  sur 
Ics  effet*  que  ces  divers  moycns  ont  produits.  Lo  en  d^cembre,  1783,  4  la  Sod^t^ 
Toyalf  de  m^decine. 
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efficacious  in  the  treatment  no*  only  of  paralysis,  but  also  of  other  coa 
ditions,  such  as  constipation  and  oedema.  This  report  aroused  con- 
siderable interest  in  electro-therapeutics  on  the  part  of  the  profession, 
and  for  a  season  the  application  of  franklinic  electricity  became  exten- 
sively popular.  In  1777,  Cavallo  published  a  work  *  which  excited  con 
dderable  attention.  He  reported  cures  of  epilepsy,  paralysis,  chorea, 
deafness,  blindness,  rheumatism,  glandular  enlargements,  and  recura* 
mended  electricity  as  a  means  of  artificial  respiration. 

On  the  theory  that  medical  substances  might  be  combined  with 
•lectricity,  Pivati,  of  Venice,  placed  in  his  electric  machine  a  glass 
cylinder,  filled  with  Peruvian  balsam,  and  Giuseppe  Bruni  affirmed  that^ 
by  the  same  arrangement,  filled  with  purgatives,  he  had  produced  the 
same  effect  on  an  electrified  patient  as  though  the  remedy  had  been  ad- 
ministered internally,  f 

In  1 783  Wilkinson  presented  the  results  of  some  experiments  with 
electricity  in  England,  .\lthough  the  fame  of  the  cures  wrought  by  the 
new  remedy  attracted  tliousands  of  the  people,  yet  by  the  ignorant  and 
superstitious  electricity  was  confounded  with  the  spirit  of  evil.  J 

Of  the  seven  methods  of  employing  statical  electricity  recommended 
by  these  early  experimenters,  but  three  were  m  common  use.  These 
were,  the  eUctric  bath,  electrisation  by  sparks^  and  shocks  from  the  Ley- 
den  Jar. 

The  Era  of  Galvanisation, — .Animal  electricity  was  discovered  by 
Galvani  in  1786,  and  made  public  in  1791.  It  was  by  the  experiments 
of  Galvani  that  Volta  was  stimulated  to  investigate  the  subject  0% 
electricity.  He  denied  the  existence  of  animal  electricity  which  Gal 
vani  had  discovered.  One  of  the  most  important  fruits  of  the  discus- 
sion that  arose  between  them  and  their  respective  followers  was  the 
construction  of  the  voltaic  pile,  which  for  many  years  physicians 
employed,  with  various  alternations  of  failure  and  success,  in  the  treat 
roent  of  disease. 

In  the  period  intervening  between  the  discovery  of  animal  electricity 
by  Galvani,  and  the  construction  of  the  pile  of  Volta,  electricity  was 
applied  to  the  body  by  means  of  metallic  plates,  joined  together  by  a 
metallic  arc  Sometimes  these  were  simply  placed  against  the  skin, 
and  sometimes  over  spots  denuded  by  a  blister.§ 

*  A  Complete  TreattK  on  Electricity,  in  Theory  and  Pmctice,  with  origiiwl  Ex- 
perimcnta.     Londres,  1777.     Id.,  Medical  Electricity.     Londres,  1780. 

t  Altliaus,  op.  cit.,  p.  2S7. 

\  A,  Tripier,  Manuel  d'^lectro-thdrapie,  cxpos^  pratique  et  critique  des  applies (ioM 
■^kalot  el  cbirurgicales  dc  I'^lectric  td.     Paris,  i860.       §  Tripicr,  op.  cit  ,  p.  26^ 
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In  1792,  Behrend,  Creve,  and  Klein  suggested  the  use  of  galv  j.nisia 
as  a  means  of  distinguishing  real  from  apparent  death.  The  first 
attempts  to  make  galvanism  of  practical  service  in  the  treatment  of 
disease  were  made  by  Professor  Loder,  of  Jena.  The  results  of  hii 
experiments  were  unsatisfactory. 

In  1793  Hufeland  and  Reit  advised  the  use  of  galvanism  in 
paralysis. 

In  1796  Pfaif  advised  the  same  remedy  for  amaurosis.  None  of 
these  authorities  spoke  from  much  personal  experience.* 

In  1797,  Alexander  von  Humboldt  f  suggested,  on  theoretical 
grounds,  the  use  of  galvanism  in  paralysis,  rheumatic  pains,  and  dis- 
eases of  the  eyes. 

Valli  actually  restored  to  life,  by  galvanism,  frogs  and  fowls  that  had 
been  nearly  suffocated.] 

The  voltaic  pile,  invented  in  1800,  marked  an  era  in  the  medical  use 
of  the  galvanic  current,  because,  with  all  its  imperfections,  it  was  vastly 
superiort  for  therapeutic  purposes,  to  the  metallic  plates  that  had  pre- 
viously been  employed  during  the  period  which  had  elapsed  since  the 
discovery  of  Galvani.  It  was  at  once  employed  by  Loder,  in  Jena,  by 
Grapengiesser,§  Bischoff,  and  Lichtenstein,  in  Berlin,  and  by  Haller, 
in  Paris,  chiefly  in  cases  of  paralysis. 

In  1801,  Augustin,  of  Berlin,  published  a  treatise  on  galvanism,  in 
which  he  reported  results  of  treatment  of  paralysis  by  applying  the 
negative  pole  to  the  central  end  the  nerve,  and  the  positive  to  the 
peripheral.  Prof.  Schwab  experimented  with  the  voltaic  pile  in  cases  of 
<ieaf-mtiteism.  In  1S02  Sigaud  de  !a  Fond  published  a  work  in  which 
he  recommended  franklin ic  electricity  for  nearly  every  form  of  disease. 
In  1804,  Aldini,  a  pupil  of  Galvani,  published  a  treatise  on  galvanism, 
in  which  he  theoretically  recommended  it  for  deafness,  insanity,  and 
amaurosis,  and  also  to  produce  artificial  respiration. || 

Even  during  this  era,  and  for  many  years  after  the  invention  of  the 
voltaic  pile,  franklinic  electricity  was  still  employed. 

In  1 81 7  Dr.  Thomas  Brown,  of  Albany,  published  a  work  entitled 
"  The  Ethereal  Physuian"  in  which  he  recommended  franklinic  electri- 
city for  paralysis,  tic- douloureux,  epilepsy,  chorea,  and  in  a  large  variety 
of  disorders. 


•  Tripicr,  op.  cit.,  p.  263. 

f  Versuch  iiber  die  gereizte  Muskd  uod  Nerveofascr.     Berlin,  1797. 
{  Experience  sur  te  galvanisme,  traduit  par  Jadelot.      Paris,  1799. 
g  Versuche    den   Galvinismus  zur   Heilung    ciniger    Krankheiten    tnxuwend«» 
BerJim,  iSoi.  I  Eiisai  tlit^orique  et  expiirimeiita  sur  le  galvanisme.     1804. 
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In  1818  Dr.  Everett,  of  New  York,  published  something  on  the  us* 
M  electricity  in  medicine  that  was  based  on  experience  that  he  had  de- 
rived with  the  apparatus  of  Dr.  Brown. 

In  spite  of  all  these  endeavors  on  the  part  of  scientific  men  to  give 
importance  and  dignity  to  the  cause  of  electro-therapeutics,  it  failed  tc 
fulfil  the  extravagant  expectations  that  had  been  formed  of  it ;  a  reaction 
followed,  and  it  fell  into  disrepute.  Electricity  had  been  tried  for  a 
wide  range  of  diseases,  but  partly  on  account  of  the  inconstancy  of  the 
voltaic  pile,  and  partly  through  the  ignorance  of  the  operators,  it  was 
found  to  be  a  most  uncertain  remedy.  It  was  confounded  with  mes- 
merism, which  at  this  period  came  into  notoriety,  and  for  a  time  it 
shared  its  fate. 

Many  cf  the  early  Experiments  made  by  the  Laity. — It  isnll  be  seen  by 
a  glance  at  the  above-mentioned  names  that  the  earliest  experiments 
in  electro-therapeutics  were  made  by  the  laity.  A  science  that  now 
commands  some  of  the  best  brains  of  civilization  was  born  among  the 
bumble  and  the  lowly.  It  was  cradled  in  ignorance  and  reared  and 
fostered  by  those  who,  however  eminent  in  other  walks,  knew  little  or 
nothing  of  medicine.  Chemists,  physicists,  priests  and  paupers,  monks 
and  mountebanks,  were  in  the  eighteenth  century  the  leading  authorities 
in  electTO-theraj)eutics,  If  there  were  those  at  this  time  who  had  faith 
in  the  coming  of  a  better  day,  when  electro-therapeutics  should  be  a 
recognized  and  permanent  part  of  tlie  medical  science,  it  was  their  mis- 
fortune to  die  without  the  sight.  Not  until  the  close  of  the  eighteenth 
century  were  the  great  discoveries  of  Galvani  and  Volta  revealed  to  the 
world,  which  was  to  work  and  wait  for  at  least  half  a  century  before  it 
should  see  even  the  beginning  of  the  fulfilment  of  its  hopes.  Some  of 
the  great  sciences,  like  some  of  the  great  religions,  have  had  the  hum- 
blest origin. 

Of  the  early  history  of  electro-physics,  Whewell  *  thus  remarks : — 
'*  At  such  a  period  a  large  and  popular  circle  of  spectators  and  ama- 
teurs feci  themselves  nearly  upon  a  level  in  the  value  of  their  trials 
tnd  speculations  with  the  more  profound  thinkers ;  at  a  later  period, 
when  the  subject  is  becoming  a  science,  that  is,  a  study  in  which  all 
mast  be  left  far  behind  who  do  not  come  to  it  with  disciplined,  informed, 
and  logical  minds,  the  cultivators  are  far  more  few,  and  the  share  of 
applause  less  tumultuous  and  less  loud.  Electricity,  to  be  now  studied 
rightly,  must  be  reasoned  upon  mathematically." 

Ultat  Whewell  here  says  of  electro-physics  may  just  as  truly  be 
applied  to  electro-therapeutics. 

*  UUtory  of  the  Indactive  Scteac«%  ad  ed.,  ?ol.  1.,  p.  MO. 
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In  the  earlier  experiments,  the  philosopher  and  the  fool  were  pn.\t> 
nearly  on  the  same  level  in  their  knowledge  of  the  application  of  Uiis 
bubtle  force  to  the  treatment  of  diseases,  with  this  advantage  on  the  side 
of  the  fool,  that  through  the  very  excess  of  his  ignorance  he  dared  and 
ventured  where  the  philosopher  knew  jast  enough  to  fear  to  tread. 

It  was,  as  we  shall  see,  a  long  time  before  electro-therapeutics  should 
be  gradually  developed  into  a  science  of  sufficient  positiveness  to  com- 
mand the  attention  of  men  of  science  for  its  own  sake,  and  to  excite  the 
despair  of  the  ignorant. 

Here,  as  in  all  other  realms  of  investigation,  the  development  is  from 
simplicity  towards  complexity,  from  generals  to  specials,  and  from  truths 
that  are  common  to  all  classes,  to  truths  that  only  a  few  specialists  can 
thoroughly  master.  We  are  reminded  here  of  the  beautiful  thought 
of  Thoreau.  When  reproached  for  his  exclusiveness  and  love  of  srlitude, 
he  replied,  "  It  is  not  so  much  that  I  love  to  be  alone,  as  that  I  toveto 
soar,  and  the  higher  I  ascend,  the  company  grows  thinner  and  thinner, 
until  at  last  I  am  left  almost  alone." 

Strikingly  this  principle  has  been  illustrated  even  in  the  most  recent 
history  of  electrotherapeutics,  both  in  Europe  and  America.  A  field 
now  occupied  by  some  of  the  ablest  scientists  of  Germany,  England,  and 
France,  was  formerly  crowded  with  lawless  intruders. 

When  we  began  to  write  on  this  subject  in  1866,  a  tide  of  in- 
quiries at  once  set  in  upon  us,  from  all  parts  of  the  country.  The 
authors  of  these  letters,  with  some  few  exceptions,  we  have  never  seen; 
but,  judging  from  the  style  of  composition  and  the  character  of  the  in- 
quiries, they  were  as  a  rule  comparatively  ignorant,  and  belonged  to 
the  lower  strata  of  the  profession.  Letters  that  we  receive  more  re- 
cently during  the  past  three  years,  evidently  come  from  many  of  the 
best  men  in  the  profession.  As  the  science  develops,  brains  and  cul- 
ture are  attracted  to  it.  In  our  large  cities,  those  who  are  studying  this 
subject  are  among  the  most  promising  names  in  science. 

In  1825,  Sarlandiiire  proposed  the  employment  of  acupuncture 
needles  in  galvanisation,  so  that  the  cmrent  could  be  more  exclusively 
and  definitely  localized  on  the  desired  nerve  or  organ.  This  method 
of  treatment  was  called  electro-puncture,*  He  used  for  this  purpose 
franklinic  electricity.  Subsequently  Magendie  successfiilly  experimented 
with  galvano-puncture  in  neuralgia,  paralysis,  and  other  nervous  dis- 
eases. 

The  discovery  of  electro  puncture  was  the  beginning  of  the  science 


*  M&n.  nr  r^lectro-puacture.    FsHs^  1845. 
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of  electro-surgery,  a  department  which  at  that  time  commanded  a 
wider  interest  than  the  medical  use  of  electricity,  and  whicli  has  no\r  ^ 
most  important  position  in  science. 

Gerard  and  Pravaz  suggested,  and  Petrequin  and  Ciniselli  succeedea 
in  curing  aneurism  by  galvano-puncture.  Subsequently  galvano -cauter- 
ization has  been  investigated  by  Steinheil^  Middeldorpflf  {1S59),  Amus- 
sat,  Althaus,  B)Tne,  ourselves,  and  many  others.  (For  detailed  history 
of  the  surgical  uses  of  electricity,  see  Electro-Surgery,  Chapter  I.) 

In  1826,  Baumd  published  in  London  a  work  on  galvanism,  which 
two  years  later  reappeared  in  a  different  form,  and  was  translated  into 
French  by  Fabre  Palaprat,  who  was  the  first  to  use  the  galvanic  current 
in  electro-puncture. 

The  Era  of  Faradisa/ion.— The  publication  of  the  discovery  of  in- 
ductive electricity  by  Faraday,  in  1831-2,  changed  the  whole  course  of 
electro-therapeutics.  On  the  basis  of  this  discovery  electric  machines 
were  constructed  tliat  were  both  more  reliable  and  more  convenient 
tfian  the  ordinary  voltaic  pile.  The  first  magneto-electric  machine  was 
constructed  by  Pixii  in  1832,  and  was  first  employed  in  the  treatment 
of  diseases  by  Neef  of  Frankfort  Afterwards  electro-magnetic  (volta- 
electric)  machines  were  constructed  by  Neef,  Clarke,  Stohrer,  and 
others,  which  from  time  to  time  have  been  variously  modified  by  a 
large  mmiber  of  experimenters  in  different  countries. 

From  this  time  electricity  in  the  form  of  faradization  began  to  be  ex- 
tensively and  indiscriminately  employed,  both  in  this  country  and  in 
Europe.  It  was  used  by  the  laity  as  well  as  by  the  profession,  tliough 
at  first  without  any  recognized  method,  and  without  any  very  cleai 
ideas  of  the  indications  for  which  electrization  was  adapted.  Since 
that  time  four  distinct  methods  of  medical  electrization  have  been  intro- 
duced, in  which  the  galvanic  as  well  as  the  faradic  current  have  been 
appropriated,  and  under  one  or  the  other  of  which  may  be  classed  all 
the  applications  of  faradic  or  galvanic  electricity  that  have  since  been 
employed.  These  methods  are  hcalised  faradisation^  localized  galvan- 
isaiion^  general  faradization^  and  central  galvanisation. 

History  of  Localised  Faradization. — The  history  of  localized  electri- 
zation is  identified  with  the  name  of  Duchenne,  whose  experiments  and 
discoveries  have  given  such  an  impetus  to  this  important  and  growing 
department.  Duchenne  was  not,  however,  the  first  to  employ  localized 
faradization.  Prior  to  his  time,  faradization  had  been  used  by  Masson 
in  France,  and  Neef  of  Frankfort ;  and  in  this  country  it  has  been  em- 
9loyed  by  the  profession  and  by  the  laity  firom  the  period  of  the  firil 
popularization  of  machines  of  induction. 
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Etrex)  as  caity  as  1843  ^ 


I B  Ins  oonnti^ 


nde  bfr  side  mkh  feaesal  faradijatioa,  ^o^^  fte  the  latter,  it  had  ic» 
^jcnned  no  <fa>iart  iweadetope,  and  was  iiwliii  iimiihk  1^  ircouMnended 
aad  BssdcBtificaBf  appiiBd.^  The  two  aicthodi^locaiaed  and  genera], 
vere  frvqaendf  mnfciiidrd,  aad  both  vo^  kmomm  ■nder  the  vagoe 
feOB,  "eiednfya^*  DadMaoc^s  eerikct  atleaft  10  caD  the  attention 
of  die  prafessMM  to  this  nhyect  is  tbas  lenmied  n  his  own  words  ;^ 

'^De  Fait  de  findler  Frrritatinn  llrctn<|T  daas  \es  organcs  saoe 
piqaer  ai  iaoKr  b  pesa,  nouycflc  aiilhode  diktnmaoa^  ^yclfc  Uee- 
inttti^M  fMMlii§f,  ct  dofit  les  pctacipe^  lisHBfsdaai  aae  noce  adress6e 
CB  1847  \  TAjoudhoBit  des  ScieaoeSk  oai  4tf  dfaeioppfa  et  pafalits  dans 
les  arckipa  gimSrmlej  de  Mfdkinc  en  jaMff  ec  aoAt  1850^  et  Snier  et 
ants  1851*  In  t855  ^  pahfchfd  his  chief  awh,  ~  De  TElectrisatioa 
Ijofairfr,  ct  de  soo  Appfccation  4  k  Hijfawiag^  k  la  ftthologic,  et  4 

Thiswaffc  becaiDe  known  to  the  paelession  in  Grf  lay  diroqg^  the 
afaridlgBd  tramlatinn  of  Dr.  Eirhaann 

Ttm  leadjag  idea,  of  die  method  of  kxafind  ittadiiafinn  of  Do- 
ckoMcwaa^  that  the  cnncat  caa  be  localtaed  Ofcr  a  fasedjmmt  mmder 
rt^ji£aifweB-iaoia|enedco<MhictoffsaretUiai^j/rKiaifl/i|^rt#<<^ 

He  obscrred — what  is  peTiectly  bmfliar  to  all  rt\fnmmnamh  in  eieo- 
tro-diaa{ientics — diat  when  dry  eiectxx>des  are  appfied  to  the  dry  sidn, 
wgaAs  widi  a  ciacUiag  somd  ate  prodacedL  hot  no  ^nwitinn  and  no 
contraction.  He  obserred  that  when  the  electrodes  are  well 
,  coatractioos  are  exdted  in  the  nancies  ariih  the  pbenoneDa 
of  sensatioo. 

He  reconanended  three  faraas  of  eleclfod»  aoKd  aaeldk  elec- 
trodes, SKtattic  brashes^  and  the  hand. 

On  these  obscnratiuos  and  experinMats  Dnrhrnne  bawd  a  ^ston  of 
electro-therapeutics  aad  eleGtn>diagnosb  whidi»  as  since  reined,  de 
vdopedl  and  modified  byfaiaMdf  and  byaaaMioos  other  laborers  in 
varioas  ooaaiiiea»  has  now  grown  into  a  pennaacnt  department  of 


LrtcaHaed  fararBralion  was  appreciated  by  electro^herapealistK  more 
rapidly  than  sonae  of  the  other  atethods  of  osiag  electncity,  as  electro- 
lyzaooo,  ipeneral  fivadtiataon,  gahraiMMsatcfy,  and  central  galvanixa. 
Hon,  far  die  reasoa  that  it  is  the  eaaest  learned  of  all  the  methods  and 


•  iB  FSke'sCarakcw  of  MaHimwrinl,  Opdod. 
184S,  tkere  is  a  cat  of  the  bradic  afigasum  dnt 
riwK  9mAf  eapsiamSBK    Yhc  ane  irark  aim 
■Mhoi  iflacafiwA  frnfiMdoa  of  the  1« 


— ■■?»        -    -        ■«  T       ■  « 

FwUmJSBfmm 

isMefbrfve 
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rcQuire>  only  the  simplest  and  cheapest  form  of  battery.  To  be  an 
expert  in  it  requires  a  degree  of  skill  and  experience  and  manual  facil- 
ityi  as  well  as  familiarity  with  the  diseases  for  which  it  is  indicated,  and 
some  knowledge  of  electro-physics  and  electro-physiology  are  of  essen- 
tial service  ;  but  in  none  of  these  respects  is  this  method  as  exacting 
as  any  one  of  the  others. 

Hence  it  is,  that  localized  faradization  is  the  method  with  which 
novices  usually  begin  their  experiments  in  this  branch,  and  it  is  the 
method  which  by  the  mass  of  the  profession  is  now  more  used  than 
any  other. 

Among  specialists,  however,  of  all  countries,  localized  galvaniratioD 
b  more  used  than  localized  faradization,  since  it  meets  on  the  whole^ 
as  experience  shows,  a  larger  range  of  indications. 

History  of  Localized  Galvanization. — One  of  the  ablest  and  most 
prominent  of  those  whom  the  writings  of  Duchenne  inspired  to  entei 
upon  the  study  of  electro-therapeutics  was  Professor  Remak,  of  Berlin. 
His  first  work,  "  Ueba-  Methodische  Electrisirung  Gdahmter  Muskdni* 
"  On  the  Methodical  Electrization  of  Paralyzed  Muscles,"  was  pub- 
lished in  1855.  In  this  work  he  revived  and  recalled  the  attention  of 
the  profession  to  the  galvanic  current^  and  he  furthermore  announced 
that  in  order  to  bring  a  muscle  to  complete  contraction  it  is  bettei  to 
excite  its  motor  nerves  than  to  allow  the  current  to  operate  on  the 
muscular  substance  itself.  His  second  work,  "  Galvano-Therapie  dtr 
Nervni'  und Afttskd-Krankheiten"  was  published  in  1858. 

Remak  became  the  founder  of  a  school  of  electro-therapeutists  in 
Gcnnany,  as  Duchenne  had  been  in  France.  Their  systems,  as  has 
been  said,  differed  in  two  important  particulars.  Both  used  localised 
ciecnization.  Duchenne  used  the  faradic  current,  making  the  applicsb 
tions  to  the  muscles  ;  Remak  used  the  galvanic  current,  making  the 
applications  tu  the  motor  nerves. 

Duchenne  declared  that  the  galvanic  current  was  useless  for  the 
treatment  of  disease,  while  Remak  contended  that  it  was  the  only  cur- 
rent tliat  was  of  any  value.  Duchenne  was  unwilling  to  admit  the 
reality  of  the  discoveries  of  Remak,  and  Remak  as  emphatically  re- 
jected the  conclusions  of  Duchenne.  Both  enforced  their  statements 
by  the  resuks  of  experiments,  and  both  appealed  to  experience. 

It  is  now  well  recognized  by  all  electro-therapeutists  that  there  was 
truth  on  both  sides  of  this  interesting  controversy — that  the  galvanic 
and  faiadic  currents  are  both  of  service  in  the  diagnosis  and  treatment 
of  disease,  and  that  too  in  more  than  one  mode  of  application.  We 
&0W  see  that  if  Duchenne  was  too  dogmatic,  Remak  was  too  extrav»> 
14 
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^iit,  but  that  both  of  them,  by  their  experiments  and  labors,  were  of 
positive  service  to  science,  and  made  the  way  easier  and  safer  for  those 
who  have  since  followed  them  in  the  department  of  localized  electriza- 
tion. 

Remak,  shortly  before  his  death,  published  a  work  entitled  "  Appli- 
£ation  dt.  Courant  constant  au  Traitiment  des  Nivroses^^  Paris,  1865, 
which  coLtained  the  leading  ideas  of  his  system,  and  has  been  the  means 
of  stimulating  many  other  experimenters  in  this  difficult  department 

Remak  did  more  than  merely  introduce  the  galvanic  current  to  the 
profession— he  discovered  and  recommended  special  applications  of 
the  current,  and  suggested  the  theory  of  its  catalytic  action.  He  was 
the  first  to  scientifically  investigate  localized  galvanization  of  the  cer- 
vical symipathetic,  of  the  brain  and  spinal  cord,  and  thereby  greatly 
widened  the  sphere  of  electro-therapeutics.  Although  at  first  liis 
theories  were  scouted,  and  his  statements  discredited,  yet  since  his 
death  they  have,  in  the  main,  been  strikingly  confirmed,  and  are  now 
egarded  as  accepted  facts  in  science. 

Even  during  this  last  era,  franklinic  electricity  has  been  by  no 
jticans  laid  aside.  In  1847,  Dr.  GoldJng  Bird  published  very 
/'.rmarkable  results  obtained  in  the  treatment  of  araenorrhoea  by 
t&tatic  electricity,  in  Guy's  Hospital  He  made  use  of  a  Leyden 
jar.  Franklinic  electricity  has  been  successfully  used  by  Drs.  Gull 
and  Clement.  It  has,  for  a  number  of  years,  been  successfully 
employed  by  Dr.  Radcliffe  and  others,  in  the  London  Hospital  for  the 
Paralyzed  and  Epileptic.  Quite  recently  Prof.  Schwanda,  of  Vienna, 
has  reported  suggestive  results  from  franklinic  electricity  generated  by 
Holtx's  electrophorus  macliine.  Dr.  Arthius,  of  Paris,  has  recently  pub- 
lished a  work  on  the  subject ;  this  has  been  translated  by  Dr.  Leveridge, 
of  Chicago. 

Within  the  past  fifteen  years  localized  faradization  and  galvanization 
has  been  developed  and  improved  in  France,  in  Germany,  in  England 
and  An^ierica,  by  a  number  of  able  and  laborious  men  of  science. 
Among  the  voluminous  authors  in  this  department  may  be  mentioned 
the  names  of  Meyer,*  Becquerel,f  Baierlacher,J   Althaus,§  Tripier,! 

*  Die  ElectridtXt  in  ihrer  Anwendung;  auf  praktische  Medicin.  Berlin,  1854  umd 
1868.     Translated  by  Dr.  Hammond. 

f  Trailfi  dcs  applications  de  rdectricitrf  d  la  Th^rapeutiquc.     Paris,  1857. 

X  Die  Induciioni-Electricitat  in  physio logisch-therapeutischer  Beriehung.  Niirn* 
•erg,  1857. 

§  Treatise  on  Medical  Electricity.  London,  1859.  LAtest  edition,  187^  Gai 
wnism  in  Paralysis,  Neuralgia,  etc.,  1866. 

[  Manuel  d'Electrothrfrapie.      Paris,  1861. 
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Rosenthal, ♦  Frommholdjf  Ziemssen,J  Garratt,§  Benedikt.|l  Brenner,^ 

History  of  Gen<ral  Faradisation. — In  general  faradizatica  the  aim 
U  to  bring  the  whole  body  under  rhe  influence  of  the  faradic  current,  so 
<ar  as  is  possible,  by  exleraal  application. 

The  origin  of  general  faradization,  like  that  of  localized,  is  somewhat 
uncertain,  since  it  is  difficult  to  determine  how  long  it  was  used  by  the 
laity  before  we  formally  introduced  it  to  the  profession.  It  is  certain 
that  both  methods  have  been  in  popular,  and,  to  a  certain  extent,  in 
professional  use  in  America,  from  a  |>eriod  not  long  subsequent  to  the 
popularization  of  the  discovery  of  induction,  certainly  a  long  time  be- 
fore they  were  introduced  to  the  profession.  One  of  the  first — and 
probably  the  very  first — to  employ  a  form  of  general  faradization  was 
William  Miller,  of  New  York,  who  began  the  empirical  use  of  this  sys- 
tem of  treatment  in  1843.  Since  that  time  some  form  of  general  far- 
adization has  been  employed  by  Sherwood,  of  New  York  \  Dr.  W.  Dem, 
luing,  of  Portland  ;  Drs.  Garratt,  Cross,  and  Guthrie,  of  Boston  ;  Dr. 
Wells,  of  Rochester,  N.  Y.  ;  Drs.  Page  and  Channing,  and  by  a  very 
large  nimiber,  both  in  the  profession  and  out  of  it,  of  whose  names  and 
special  methods  but  little  is  known,  since  they  have  taken  but  little  pains 
10  establish  the  treatment  on  a  scientific  basis,  or  to  introduce  it  to  the 
attention  of  the  profession.  Many  of  these  practitioners  combined 
localized  with  general  faradization,  and  some,  perhaps  the  majority,  em 
ployed  the  latter  exclusively,  though  with  little  definiteness  or  precision. 
Although,  as  has  been  said,  some  of  these  early  experimenters  were 
educated  physicians,  the  majority  were  ignorant  not  only  of  medicine, 
but  of  every  other  department,  and  not  a  few,  unfortunately,  were  as 
unprincipled  as  they  were  ignorant 

.\lthough  many  of  these  experimenters  were  laymen,  although  they 
had  no  part  nor  lot  in  the  realm  of  science,  and  although  many  of  them 
irere  as  devoid  of  conscience  as  of  intellect,  yet  we  should  none  the 
less  eagerly  seek  for  and  accept  whatever  of  truth  they  may  have  stum 

*  Die  Electrotherapie,  ihre  Begriindung  and  Aawendung  in  der  Mediziiu  Wien, 
Il<6s.     Latest  edition,  1S73. 

f  Electrotherapie  mit  besonderer  Riicksichc  auf  Nerven-Krankheiten ;  Tom  prak* 
tischen  SUndpunkte  slcuxirt.     Pe&th,  1865. 

X  Die  Electricitiit  in  der  Median.     Berlin,  1866.     Latest  edition,  1872. 

%  Ucdical  Electricity.     Philadelphia,  1S66. 

I  Electrotherapie.     Wien,  1868.     Second  edition,  1874. 

^  Untersochungen  and  Beobacbtungen  aof  dem  Gebiete  der  Elektrotbenpit 
Icipag,  i$6S  ond  1S69. 

••  Principe*  d' Electrotherapie.     Paris,  1 873. 
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filed  upon  or  dbcovcxcd.  In  the  laasarj  of  therapentics  it  has  oftet  1 
been  tbe  fortune  of  tfte  %noiaiit  and  the  lowly  to  hit  by  chance  oc 
tome  great  fiKt  for  which  the  wisdom  of  the  ages  has  sought  in  vain. 
Sayi  Dr.  SciB^  **  Nearij  evciy  mrdinne  has  become  a  popular  remedy 
bcfoce  betng  adopted  or  even  tiied  hf  piiysidaiis ;  "*  and  according  to 
Pemra,  nox  vomica,  is  ooe  e€  the  few  remedies  the  discovery  of  which 
m  not  die  efiect  of  mere  rhancr.f 

IinpuQal  faistocy  must,  we  think,  reconl  diat,  before  Ouchenne  and 
Remak  were  known  on  eldier  side  of  the  Atlantic,  before  oar  i 
recent  elccm>-tfaerapeuti5ts  had  commenced  thek  professional  labors  or 
■Indfes,  thete  were  in  this  land  not  a  few  empirics  who,  by  some  form 
cf  general  or  lorali/ed  faradization,  or  both  combined,  or  by  methods 
?artOM  and  tnconaistfnt,  and  in  spite  of  their  own  ignorance  or  vice. 
were  adueymg  soccesses  in  the  treatment  of  disease  which,  in  certain 
features,  even  the  most  advanced  physicians  of  our  day  have  not  yet 
surpassed.  If  they  did  not  b^ong  to  the  chosen  ranks  of  the  profes- 
sion, it  is  none  the  less  true  that  the  results  which  they  secured  were 
cftendmes  such  as  the  ablest  leadeis  in  science  mi^t  well  have  en>-ied. 
If  dieir  methods  were  empiriGal,  tfadr  empiiicism  was  often  justilied  by 
its  success.  If  their  nomenclature  was  imperfect  and  confused,  and 
their  diagnosis  erroneous,  yet  their  confusion  and  errors  were  not  a  lit- 
tle redeemed  by  the  skill  with  which  they  met  emergencies  when  the 
therapeudst  was  far  more  needed  than  the  pathologist  or  the  diagnosti- 
cian. The  great  defect  of  these  empirics  was  not  in  their  results^  which 
oftentimes  were  truly  remarkable^  but  in  the  fact  thai  their  genercU 
ignorance^  and  especially  their  ignorance  of  medicine,  rendered  it  impos- 
sible for  them  to  discriminate  in  their  cases  or  their  methods ,  or  to  intel- 
ligently communicate  their  experience  to  others,  or  in  any  way  to  make  it 
of  permanent  value  to  science.  They  treated  aU  cases  about  alike, 
without  reference  to  the  pathological  condition,  and  in  spite  of  all  theit 
successes  frequently  failed  where,  with  better  knowledge,  they  might 
have  succeeded 

In  Europe,  so  far  as  we  can  ascertain  from  the  published  writings  on 
the  subject,  or  from  our  own  personal  observation,  the  method  of  general 
faradization,  as  described  in  this  work,  has  not  been  used  or  recom< 
mended,    at   least    by   men    of   science.      In    1852,    BcckensteincrJ 

•Therapeutics,  vol.  i.,  p.  31.  Tbe  same  suthor  states  that  "by  far  tbt 
fremter  number  [of  medicines]  were  first  employed  ;n  countries  which  were  and 
are  now  in  a  stale  of  scieotific  ignorance." 

{  Materia  Medica,  vol.  U.,  p.  336.  Hydrate  of  Chloral  may  now  be  added  t« 
Jut  list.  %  Etudes  stir  l'Electrici(&     Paris^  1859. 
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suggested  the  idea  of  •'  animalizing "  statical  electricity  by  passing  il 
through  the  body  of  the  operator,  and  making  passes  over  or  near  the 
patient. 

In  1857,  M.  Dropsy*  de  Cracow  published  a  new  method  of 
fiuradization,  the  modus  operandi  of  which  consisted  in  connecting  an 
electrode  by  two  branches  on  the  top  of  the  head  and  the  epigastrium, 
while  the  other  electrode  was  connected  by  four  branches  with  the 
hands  and  feet  At  each  sitting  the  poles  were  reversed.  In  1S58, 
Seilerf  proposed  to  cure  coosumption  and  many  other  obstinate  and 
incurat>le  diseases  by  passing  a  faradic  current  through  two  electrodes 
near  to  but  not  over  the  body  of  the  patient. 

In  1863,  GublerJ  suggested  the  treatment  of  conditions  of  debility 
by  placing  both  hands  and  feet  in  separate  basins  containing  salt 
water,  and  passing  a  faradic  current  through  the  body. 

Our  own  attention  was  called  to  the  subject  of  general  faradization 
«n  1866,  and  in  that  and  the  following  year  we  introduced  it  to  the 
profession,  describing  in  a  general  way  its  powerful  tonic  effects  and 
modus  operandi. 

( The  Medical  Use  of  Electricity^  with  special  reference  to  general 
electrization  as  a  tonic,  ^c.     Beard  and  Rockwell^  Ne7v  York,  1867.) 

The  name  general  electrization^  as  descriptive  of  this  method  of 
treatment,  was  first  employed  by  us  and  in  the  writings  to  which  we 
have  referred.  In  the  present  edition  of  this  treatise  we  restrict  the 
terms  to  general  faradization,  for  the  reason  that  our  method  of 
central  galvanization,  to  be  hereafter  described,  has  to  a  considerabV 
extent  taken  the  place  of  ^^w^ra/ galvanization. 

Our  own  claims  in  regard  to  general  faradization  are  : 

lit.  To  have  studied  the  method  as  practised  by  the  laity,  and  to 
have  improved  it,  reduced  it  to  a  system,  and  given  it  a  scientific 
basis,  and  to  have  shown  its  relations  to  other  methods  of  using 
electricity — in  short,  to  have  done  for  this  method  what  Duchcnne  did 
for  locahzed  faradization. 

2d.  To  have  interpreted  its  special  and  general  effects,  giving  it  a 
name,  pointing  out  the  true  rationale  of  the  method^  and  the  in- 
dications for  its  use. 

3d.  To  have  first  called  the  attention  of  the  profession  to  this 
method,  enforcing  our  views  by  the  results  of  personal  experiments. 

*  Electroth^apie  en  application  mddicale  pratique  de  I'^ectricit^  tiai^c  vu  dl 
•miTeaiuc  proc^dcs.     Paris,  1857,  in  Svo. 
f  Galvanisation  par  influence.     Paris,  1858. 
X  DeT Electrization  g<ii6i Ale.     Bulletin  de  TMrapeutique,  Dec.,  1S63. 
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4th.  To  have  discovered  in  our  experiments  wkn  this  l  elhod,  tl" 
electrization  was  a  tonic  of  great  and  varied  efficacy,  and  therefc 
indicated  in  a  large  range  of  conditions  of  debility,  and  to  bave  fore 
this  fact  on  the  i>rofessional  mind  until  it  has  become  widely  accept* 
and  has  become  the  basis  for  the  use  of  electricity  in  the  treatmt 
of  medical  diseases. 

The  length  of  time  required  to  make  a  thorough  application  of  gene 
faradization,  and  the  amount  of  piactice  necessary  to  acquire  skill  a 
facility  in  its  employment,  have  interfered  somewhat  with  its  populari 
lion  among  specialists  in  electrotherapeutics;  but  in  spite  of  Ihi 
difficulties  the  method  is  now  used  with  the  highest  success  by  hundr 
of  p*^  ysicians,  specialists  and  general  practitioners,  &c.,  and  its  popul 
ity  is  very  rapidly  increasing. 

In  Germany  the  method  has  been  from  the  first  received,  in  f 
tlirough  the  careful  r^sum^  of  Prof.  Erb,  of  Heidelberg,  with  gre* 
interest  and  appreciation  and  with  more  favorable  consideration  tl 
in  any  other  country,  excepting  perhaps  the  United  States.  Dr. 
Vater,  of  the  University  of  Prague,  in  his  preface  to  the  Gem 
translation  of  the  first  edition  of  this  work,  has  warmly  recommen' 
the  method,  basing  his  recommendation  on  his  own  personal  experien 
and  more  recently,  Benedict  of  Vienna,  in  the  latest  edition  of  hi&w( 
has  given  the  method  intelligent  and  appreciative  consideration. 

History  of  Central  Gulvanizati&n. — The  method  of  central  gab 
i/ation,  as  has  been  described  in  our  published  papers  (Electricity 
the  Sphygmograph,  N.  Y.  Medical  Record^  December  15,  1871  ;  a 
Recent  Researches  iu    Electro-Therapeutics,   October,  1872,  by 
Beard;    Central  Galvanisation,   N.  Y.   Med.  Jourtialy   May,  1872 
Dr.  Rockwell),  consisted  in  placing  the  negative  pole  at  the  epig 
rium,  while  the  positive  ivas  applied  over  certain  portions  0/  the  h 
over  the  sympathetic  and  pneumogastric  in  the  neck^  and  down 
whole  length  of  the  spine  from  the  first  to  the  last  vertebra.     At 
time  we  had  used  the  method  with  the  highest  success,  in  hysteria 
sanity,  neurasthenia,  gastralgia,  dyspepsia,  and  certain  diseases  of 
skin,  and  since  that  time  this  method  has  been  extended  to  a  < 
variety  of  affections.  In  some  diseases  it  has  supplemented,  in  othe 
has  supplanted,  general  faradization   and  galvanization  of  the  cer 
Bympathctic. 

The  full  method  of  central  galvanization,  as  it  will  be  describe 
this  edition  of  the  present  treatise,  was  not  stuuibled  upon  byaccic 
but  is  the  result  of  a  long  period  of  experimenting,.  When  we  begj 
use  the  galvanic  current,  we  sometimes  treated  gastralgia  and  dys 
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sia  by  placing  one  pole,  usually  the  negative.  In  the  epigastric  region, 
and  the  positive  on  the  nape  of  the  neck  at  about  the  sixth  cervical  ver- 
tebra. Gradually  we  extended  the  domain  of  the  application  so  as  to 
include  the  mastoid  fossa  and  the  anterior  border  of  the  sterno-cleido* 
mastoid  muscle,  down  to  the  sternum  on  both  sides.  Afterwards  we 
resolved  to  apply  the  positive  electrode  to  the  forehead,  still  keeping 
the  negative  on  the  epigastrium. 

Intluenced  by  the  fact  of  observation,  that  the  top  of  the  head  be- 
tween the  ears  was  frequently  tender  and  painful  in  hysteria  and  near- 
asthenia,  in  both  sexes,  it  occurred  to  us  that  this  might  be  a  good 
place  to  plant  the  electrode  so  as  to  affect  the  brain.  Another  consid- 
eration of  practical  moment  was,  that  this  place  in  both  sexes  is  quite 
accessible,  even  with  the  present  methods  of  arranging  the  hair.  Look- 
ing at  the  subject  from  the  standpoint  of  anatomy,  physiology,  and 
pathology,  also,  it  was  sufficiently  clear  that  in  galvanizing  the  brain, 
the  object  should  be,  not  so  much  to  affect  the  anterior  lobes  as  the 
base  and  posterior  portion,  where  originates  the  great  cranial  nerves. 
We  soon  found  by  clinical  observation,  that  little  dizziness  was  caused 
when  the  electrode  was  placed  in  this  position,  and  that  a  stable  current 
of  a  number  of  cells  could  be  borne  without  unpleasantness,  and  thai 
oftentimes  a  peculiar  sensation  was  experienced,  very  different  from  the 
stinging  and  pricking  sensations  that  are  felt  when  the  electrode  is 
placed  on  the  forehead.  Last  of  all  we  extended  the  application,  so  as 
to  include  the  whole  length  of  the  spinal  column,  passing  the  electrode 
beneath  the  clothes  of  the  patient,  loosened  and  pulled  up  for  that  pur- 
jjose.  Since  the  first  publication  of  this  method  of  central  galvanisa- 
tion, we  have  modified  it  by  changing  the  position  of  the  negative  pole, 
up  and  down  the  breast  and  abdomen,  so  as  to  avoid  over-irritating  the 
stomach. 

Some  of  the  processes  of  central  galvanizarion  had  been  used  by- 
other  physicians,  long  before  we  worked  up  the  complete  method  as  he 
described  Dr.  Althaus  writes  us,  that  several  years  since  he  had  em- 
ployed the  first  step  in  the  process — one  pole  at  the  epigastrium  and 
the  other  at  the  back  of  the  neck,  but  becoming  alarmed  by  unpleasant 
symptoms,  had  abandoned  it ;  and  Dr.  Meredith  Clymer,  of  this  city, 
informs  us  that  during  the  past  three  or  four  years  he  has  independently 
used  the  processes  of  central  galvanization  with  tonic  results  that  have 
been  most  pleasing. 

The  ill-fortune  of  Dr.  Althaus  was  due,  we  suspect,  to  the  fact  that 
be  used  powerful  or  interrupted  currents — a  mistake  that  we  repeatedly 
made  during  our  earlier  experiments,  a  mistake  that  is  frequently  madt 
by  those  beginning  any  new  method  of  electrization. 


CHAPTER  IL 

GKNEKAL  THERAPEUTICAL   ACTION   Of   ELECT  RiaTV. 

EUctricity  in  its  Medical  Relations  is  a  Stimulating  Sedative  Tonic. — 
rhc  cause  of  medical  electricity  has  been,  and  still  is,  greatly  re- 
tarded by  vague  and  incorrect  notions  of  tJie  position  of  electricity  in 
the  materia  medica.  It  has  been  classed  as  a  stimulant,  and  up  to  the 
time  when  we  began  to  write  on  the  subject,  in  1866,  nearly  all  the 
writers  on  the  subject  had  assumed  without  question  or  discussion  that 
the  stimulating  action  was  the  main  if  not  the  only  action  of  electricity 
The  idea  that  it  was  also  a  tonic  was  not  even  discussed.  The  first 
fomial  presentation  of  the  use  of  electricity  by  the  method  of  general 
faradLzation  appeared  in  a  paper  by  Dr.  Rockwell,  based  on  consid- 
erable experience  and  many  experiments,  and  entitled  •'  Electricity  in 
the  Treatment  of  Rheumatic  Affections,"  and  published  in  the  Medical 
Record  in  1866.  In  this  and  subsequent  papers  by  both  the  authors 
of  this  treatise,  the  tonic  effects  of  electricity  were  fully  demonstratetl. 
Those  few  in  the  profession  who  used  electricity  at  all  had  gone  no 
further  than  Duchcnne,  and  supposed  that  when  they  had  used  this 
agent  to  kick  up  palsied  muscles,  they  had  exhausted  its  therapeutic 
indications.  In  obedience  to  the  sajne  narrow  and  exclusive  dogma, 
electricity  was  supposed  to  be  exclusively  contraindicated  in  febrile  and 
inflammatory  affections,  and  was  supposed  to  be  of  value  only  in  a 
very  limited  range  of  subacute  and  chronic  diseases.  The  acceptance 
of  the  view  that  electricity  is  a  tonic  has  wrought  a  revolution  in 
electrO'therapeutics.  An  agent  which  was  formerly  used  mainly  if 
not  exclusively  in  paral)'sis  and  rheumatism,  is  now  used,  and  with  fai 
more  brilliant  success,  in  hysteria  and  affections  allied  to  it,  in  insanity, 
anemia,  neurasthenia,  in  nervous  dyspepsia,  neuralgia,  chorea,  in  the 
convalescence  fiom  fevers,  and  all  fonns  of  pain  and  debility  whatso- 
ever. 

It  is  necessary  to  state,  at  the  outset,  that  in  classing  electricity  as  a 
ttimulating  sedative  tonic^  we  use  the  words  in  the  sense  in  which  they 
are  ordinarily  understood  and  employed  when  applied  to  other  reme- 
iies  and  systenis  of  treatment,  and  without  any  reference  to  the  mew 
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vertK.  Jwliiiliont  dui  mzy  be  or  hsve  been  made  id  the  classficalio* 
of  nutena  raedka. 

Stimmltmis  are  osaaSjr  VBclenlood  to  be  ihoK  agents  wbkh  pmtfy 
€X€iU  the  qntcBs  and  tum^miiy  iiirom  its  maanktj.  Tbej  are  like 
the  goad,  wbidi  fcccea  the  eahamied  beatt  lo  dnar  d>e  buxden,  but 
4ot»  MMlniig  to  incicase  Us  streagdi;  or  Eke  the  blast  of  the  fiir- 
vaoe,  wUch  rnrtnMn  d»e  cooibastkw,  bat  adds  do  fad.  We  do  no' 
acoepc  this  definitioD,  bat  woold  piefer  to  xegard  stimnlants  as  those 
agents  that  correct,  intensifj  or  eooocaiizie  the  forces  of  dte  system. 

Sedatives  may  be  severally  defined  as  those  agents  that  allay  init»> 
Ulity  and  pain  and  induce  natural  repose. 

T&mies  are  ordinarily  tmdexstood  to  be  those  agents  which  gradually 
tmprave  nuirUion^  restore  enfeebled  functions,  invigorate  the  system, 
and  permanently  increase  its  capacity  for  Labor. 

It  is  because  electrization  is  capable  of  producing  at  once  the  effects 
which  are  ascribed  to  all  these  classes  of  agents,  that  we  have  defined 
it  a  stimulating  sedative  tonic 

These  various  effects  are  not  always  mathematicaKy  distinct,  but  run 
into  each  other.  The  stimulant  effect  may  at  once  lead  to  sedation^ 
and  the  permanent  improvement  to  nutrition  follows  after  a  long  tmie^ 
■od  is  in  part  a  result  of  both  stimulation  and  sedation. 

Of  these  three  orders  of  effects,  stimulation^  sedation  and  improve- 
ment in  nutrition^  stimulation  is  the  one  that  is  of  the  least  importance,, 
and  yet  it  is  the  one  that  first  strikes  the  observation,  and  the  one  which 
until  very  recently  has  been  regarded  as  the  exclusive  test  for  the  use 
of  electricity  in  medicine.  If  electricity  were  merely  a  stimulant  it 
would  scarcely  pay  to  use  it  in  the  treamient  of  disease,  for  its  range 
would  be  so  narrow,  and  the  result  of  its  use  even  in  that  narrow  range 
to  temporary  and  unsatisfactory,  that  physicians  would  not  find  it  to 
their  advantage  to  spend  time  and  labor  in  making  the  applications. 

The  ill  success  of  all  previous  attempts  to  popularize  electro-ther»- 
peutics  is  to  be  explained  in  part  by  the  fact  that  those  who  experimented 
with  it  looked  upon  it  as  a  simple  stimulant  and  nothing  more,  and 
recommended  it  accordingly.  If  it  depended  on  its  stimulating  action 
only,  the  cause  of  electro-therapeutics  would  have  little  vitality.  The 
reason  why  electricitj'  is  now  gro>\'ing  in  popularity  in  the  profession  is 
because  it  is  found  to  relieve  all  forms  of  pain,  and  to  add  tone  to  the 
system  and  improve  nutrition  after  ordinary  sedatives  or  tonics  have 
failed 

Tonic  Effects  of  Electricity  best  elicited  by  General  Faradisation  and 
Central  Galvanisation. — Reasoning  from  analogy,  as  well  as  firom  expert 
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cnce,  it  would  seem  ihat  the  full  effects  of  electridty  on  the  human  bod) 
coold  only  be  obtained  by  making  the  applications  all  oxer  the  person  ana 
<m  the  central  nenous  system  in  such  a  way  as  to  affect  the  whole  system. 
The  influence  of  any  drug  or  remedial  agent  on  the  constitution  cap 
only  be  ascertained  by  bringing  the  whole  system  under  that  influence 
A  man  who  habitually  washes  one  of  his  fingers  in  cold  water  ap 
preciates  the  tonic  efifects  of  the  cold  only  in  that  finger ;  but  a  mai: 
who  habitually  takes  a  shower-bath,  or  plunges  into  a  tub  of  cold 
water,  realizes  powerful  tonic  effects  on  his  entire  system.  If  a  man 
daily  exposes  one  arm  to  the  sunlight,  while  the  rest  of  the  body  is 
enclosed  in  a  dark  cell,  he  recei%'es  direct  tonic  effects  only  in  the 
exposed  member ;  but  he  who  walks  forth  and  exposes  his  whole  per- 
son to  the  solar  rays  will  in  lime  experience  the  full  tonic  effect  of  suft- 
light  on  his  system.  If  one  hand  or  one  foot  is  vigorously  and  regu- 
larly exercised,  the  muscles  of  that  limb  exhibit  the  tonic  effects  of  the 
exercise,  and  increase  in  hardness  and  perhaps  in  size ;  but  if  all  the 
portions  of  the  body  are  vigorously  and  regularly  exercised,  all  the 
principal  muscles  will  increase  in  firtimess  and  perhaps  in  si^e,  and 
tonic  effects  will  be  appreciated  by  the  entire  system. 

Just  so  with  all  other  tonic  remedies  and  influences.  If  quinine, 
strychnine,  iron,  arsenic,  oil,  etc.,  could  be  localized  in  a  single  limb» 
only  that  limb  would  be  directly  influenced  by  them.  Their  tonic 
effect  is  only  obtained  by  administering  them  in  such  a  way  that  they 
will  penetrate  every  portion  of  the  body. 

Electricity  is  no  exception  to  this  law.  In  order  to  ascertain  its  full 
effects  on  the  system  at  large,  and  to  determine  its  position  among 
remedies,  the  applications  must  be  made  in  such  a  way  that  the  whole 
system  shall,  so  far  as  possible,  be  directly  or  indirectly  brought  under 
its  influence.  This  is  best  accomplished  by  the  methods  of  general 
faradization  and  central  galvanization  that  are  hereafter  to  be  ex- 
plained in  detail. 

In  making  a  detailed  comparison,  therefore,  between  the  effects  of 
electrization  and  the  effects  of  recognized  tonics— quinine,  iron,  strych- 
nine, physical  exercise,  sunlight,  cold  bathing,  etc. — it  is  logically  neces- 
sary that  the  api>lications  should  be  so  given  that  the  whole  body 
should  be  brought  under  the  direct  influence  of  the  current,  just  as  it  is 
brought  under  the  influence  of  other  recognized  tonics  as  ordinarily  ad* 
ministered. 

The  immediate  effects  of  an  application  of  general  faradization  and 
central  galvanization  are  often  a  feeling  of  enlivenment  and  exhilaration, 
drowsiness,  temporary  relief  of  pain,  and  increased  warmth  of  the  body. 


The  same  effects  are  notably  observed  after  the  »hover-bath,  a  tuiuble 
in  the  saxf,  a  brisk  walk  in  the  open  air,  or  from  the  administration  of 
AlcohoL 

Like  other  stimulating  tonics,  general  faradization  and  central  gal* 
vmaization,  wKen  given  in  an  overdose,  or  in  too  great  strength  for  the 
constitution  of  the  patient  or  the  condition  of  the  system  at  the  tim^ 
may  be  followed  by  secondary  or  reactive  effects  that  are  both  dis- 
agreeable and  positively  alarming.  The  second  or  third  day  after  an 
injudicious  application,  the  patient,  especially  at  the  outset  of  treat- 
ment, may  experience  soreness  in  the  muscles,  an  indefinable  feeling  of 
nervous  exhaustion,  irregularity  of  pulse,  and  soraetiines  exacerbation 
of  special  symptoms.  It  is  well  known  that  severe  physical  exercise 
will  produce  all  these  unpleasant  secondary  effects,  especially  in  pa- 
tients who  are  feeble  and  unaccustomed  to  muscular  exertion.  A  cold 
bath,  either  in  the  surf  or  at  home,  that  is  too  prolonged  may  give  rise 
to  all  these  symptoms  the  night  or  day  following.  Unpleasant  effects 
may  secondarily  follow  an  overdose  of  our  ordinary  stimulants,  as 
alcohol,  or  from  internal  tonics,  as  iron,  quinine,  strychnine. 

The  permanent  effects  of  general  faradization  and  central  galvaniza- 
tion are  as  closely  analogous  to  those  which  come  from  other  tonic 
remedies  and  systems  of  treatment  as  are  the  immediate  and  second- 
ary effects. 

The  very  marked  permanent  e'ffect  of  general  faradization  and  central 
galTanization  is  improvement  in  the  sleep.  Physical  exercise — walk- 
ing, boating,  gymnastics,  bowling — cold  bathing,  and  the  ordinary 
internal  tonics  do  the  same,  though  not  so  markedly  and  with  tact  less 
unifonnity. 

General  faradization  and  central  galvanization  also  permanently  im- 
prove the  appetite  and  digestive  capacity,  and  regulate  the  bowels. 
Improvement  in  the  various  operations  of  digestion  is  one  of  the  most 
dniform  effects  of  our  ordinary  tonics,  and  it  is  for  that  purpose,  mora 
perhaps  than  for  any  other,  that  they  are  employed. 

Like  other  tonics,  general  faradization  and  central  galvanization 
equalize  the  circulation.  This  effect,  when  it  immediatety  follows  an 
application,  is  nearly  the  temporary  excitement,  similar  to  what  follows 
a  rapid  walk,  or  gymnastics,  or  alcoholic  stimulants,  and  soon  passes 
iway.  But  when  it  becomes  a  permanent  condition — when  the  patient 
feels  less  annoyance  from  chilliness  and  cold  extremities — it  is  a  result- 
ant  of  the  improvement  in  nutrition. 

Like  other  tonic  rreasures — gymnastics,  active  games,  and  outdoor 
amusements,  etc,  etc.  —general  faradization  and  central  galvanizatioo 
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cause  the  muscles  to  ucvclop  in  Jze  and  hardness,  and  sometimes, 
though  by  no  means  uniformly,  produce  important  and  rapid  increase  io 
the  weight  of  the  body,  the  result  of  the  improvement  in  nutrition.  In- 
crease in  weight  is  familiarly  observed  after  a  trip  of  pleasure,  a  vaca* 
lion  in  the  country,  a  voyage  by  sea,  and  very  frequently  indeed  from 
the  use  of  cod-liver  oil  and  strychnine.  General  faradization  some- 
times causes  the  patient  to  increase  in  weight  from  the  very  outset  of 
the  treatment,  and  to  an  extent  that  is  most  surprising. 

Like  other  tonics,  general  electrization,  faradization  and  central 
galvanization,  in  their  ultimate  effects,  increase  the  disposition  and  the 
capacity  for  labor  of  the  brain  or  of  the  muscles.  This  is  indeed  the 
chief  end  to  which  all  tonic  treatment  is  directed,  inasmuch  as  dimin- 
ished capacity  for  labor  is  perhaps  the  condition  for  which  tonics  are 
most  frequently  advised,  and  it  does  not  tisually  increase  the  capacity 
for  toil  until  it  has  first  improved  the  sleep,  the  appetite,  the  digestion. 
The  same  is  true  of  many  other,  if  not  all,  tonic  remedies. 

Experience  shows  that  general  faradization  and  central  galvanization 
are  usually  contraindicated  in  those  diseases  and  for  those  temperaments 
that  will  not  bear  any  of  the  internal  tonics.  We  find  almost  invariably 
that  they  must  be  used  most  cautiously,  and  meet  with  their  worst  failures 
in  cases  where  quinine,  strychnine,  iron  and  stimulants  have  proved  to 
be  injurious. 

Whatever  difference  of  opinion  there  may  be  concerning  the  ration- 
ale of  electrization,  or  whatever  dispute  there  may  be  concerning  the 
use  and  the  meaning  of  the  words  stimulant,  sedative,  and  tonic,  tlie 
majority  of  advanced  practical  electro-therapeutists  must  substantially 
endorse  the  emphatic  words  of  Prof.  Niemeyer  :  "  /«  t/u  constant  cur- 
rent wc  have  a  means  more  powerful  than  any  other  of  modifying  the 
nutritive  conditions  of  parts  that  are  deeply  situated ^  • 

Rationale  of  Electrisation. — The  stimulating,  the  sedative,  and  the 
tonic  effects  of  electrization  are  resultants  of  the  various  and  diverse  ac- 
iioa  of  the  currents  on  the  tissues.  These  effects  have  been  defined  as 
meektmicalf  physical,  catalytic  (increase  of  circulation  and  absorption), 
tlectrotonic  {modification  of  nerve),  electrolytic  (electro  chemical  decom- 
position), and  chemical.  The  mechanical  effects  are  more  markedly 
observed  from  the  faradic  current,  the  other  effects  from  the  galvanic. 
These  terms,  considered  as  explanations  of  the  action  of  electrization, 
•re,  it  must  be  admitted,  quite  unsatisfactory,  since  they  are  incapable 
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of  exact  and  complete  definition,  and  must,  to  a  certain  extent,  includ 
each  other.  It  is  safe  to  say  that  we  know  as  much  of  the  rah  nal 
of  electrization  as  of  most  of  our  internal  remedies.  (See  chapter  o 
the  subject  in  Electro -PI  lysiology. ) 

Is  Electricity    Transformed  into  Nerve  Force  1 — Nearly  all   of  th 
earlier  and  very  many  of  the  latter  experimenters  in  electro -the  rapei 
tics  assumed  without  argument,  that  electricity  was  identical  with  tl" 
nerve  force,  or,  at  least,  that  it  was  directly  transformed  into  it.  Althou^ 
the  weight  of  evidence  is  at  present  decidedly  against  the  theory  of  tl 
identity  of  those  forces  (see  Experiments  of  H  el niholtz),  yet  the  assum 
tion  tliat  they  are  identical  or  can  be  directly  transformed  into  eac 
other,  still   lingers.      The  taking  phrase,  '*  Electricity  is   Life,"   is  co 
stantly  used  as  the  war-cry  of  rival  instrument  makers,  and  as  tl 
motto  of  travelling  charlatans,  on  the  street  comers  and  at  count 
fairs.     Whatever  future  science  may  unfold,  we  are  now  forced  to  s 
that  not  only  is  there  no  evidence  that  electricity  is  identical  with  Hi 
but  also  that  the  theory  that  electricity,  when  applied  to  the  body,  is  e\ 
directly  transformed  into  nerve  force  has  few  if  any  facts  or  argurae? 
in  itb  favor.     That  the  body  can  be  charged  with  electricity,  and  tl 
the  normal  electricity  of  the  body  can  be  changed  in  character  is  cl< 
enough ;  but  it  does  not  follow  that  such   changing  of  electrical  con 
tion  has  any  direct  influence  on  the  quantity  or  quality  of  the  nervt 
force.     Whether  galvanic  or  faradic  electricity  charge  the  body  to  £ 
extent  in  passing  through  it  may  rightly  be  doubted;    if  they  lei 
more  electricity  in  the  body  than  they  found  in  it,  it  must  be  by  vir 
of  the  direct  influence  of  the  current  over  the  nutrition.      Electrit 
is  no  more  life  than  light  and  heat  are  Ufe.     Like  light  and  heat  it  d 
sustain  life,  not  by  direct  transformation,  but  indirectly  through  its 
fluence  over  nutrition.     When  the  light  of  the  sun  falls  on  a  plant 
animal,  when  artificial  heat  is  applied  to  a  cold  and  paralyzed  lii 
growth  is  stimulated  and  nutrition  improved,  but  not,  so  far  as  can  ye 
demonstrated,  by  any  direct  transformation  of  light  or  heat  into  nerv 
force.      Similarly,  also,  we  have  no  sufficient  evidence  as  yet  that 
varied  and  marvellous  improvement  in  nutrition  that  follows  electi 
tion  is  the  result   of  anything  more  than  the  indirect  improvemer 
nervous  force,  which  is  a  part  and  result  of  the  general  improvemer 
nutrition. 

In  the  time  and  manner  of  their  development  the  tonic  effect 
general  faradization  and  central  galvanization  resemble  those  of  a 
tonirs  in  these  two  particulars. 

».   They  are  Dei f eloped  Sicnuly, — This  slowness  of  development  m 
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a  radical  distinction  between  tonics  and  mere  stimulants.  The  agree- 
able stimulating  effects  which  immediately  follow  an  application  of 
-general  faiadization  and  central  galvanization,  just  as  they  follow  the  use 
of  gjTnnastics,  walking,  active  games,  etc.,  soon  pass  cff  or  merge  into 
the  permanent  or  tonic  effects  that  come  more  or  less  slowly,  and 
after  repeated  treatment. 

2.  They  are  often  Developed  long  after  the  Treatment  is  Abandoned.— 
Weeks  and  months  af^er  a  patient  has  taken  a  course  of  general  treat- 
ment by  general  and  central  electrization  he  may  continue  to  improve- 
in  his  general  condition,  even  though  very  little  progress  may  have 
been  made  while  the  applications  were  being  received.  Just  so  the 
tonic  effects  of  a  trip  by  land,  of  a  sea  voyage,  of  our  ordinary  summer 
vacations,  are  sometimes  not  appreciated  until  after  we  have  returned 
<iome,  and  are  again  fully  at  work. 

Why  were  net  the  Tonic  Effects  of  Electricity  sooner  Discovered! — 
The  inquiry  now  very  naturally  arises,  why  it  is  that  the  important  fun- 
damental fact — that  electrization  is  a  powerful  means  of  improving 
nutrition,  and  capable  of  producing  effects  on  the  constitution  similar 
to  those  which  are  familiarly  obtained  from  the  tonics  in  every-day  use — 
has  escaped  the  observation  of  the  very  able  writers  who  in  different 
lands  have  devoted  themselves  to  electro- therapeutics,  until  we  called 
attention  to  them. 

The  inquiry  is  thus  answered  : — 

I.  Because  most  of  the  recent  scientific  observers  whose  writings  are 
Authorities  in  electro  therapeutics  have  used  electricity  locally,  in  some 
form  of  **  localized  electrization." 

For  obvious  reasons,  that  have  already  been  presented,  localised  elec- 
trization must  produce  chiefly  local  effects,  which  although  they  are 
tonic  in  their  character,  so  far  as  they  go,  and  reveal  themselves  bj 
marked  improvement  in  the  local  nutrition,  would  not  ordinarily  sug- 
g*jF.t  the  powerful  constitutional  tonic  powers  of  which  electrization  is 
capable  when  applied  all  over  the  body,  any  more  than  the  feeble 
effects  of  washing  the  hands,  the  face,  or  the  feet,  or  any  single  member 
or  organ,  would  suggest  or  give  any  intimation  of  the  well-known  coa- 
stitutional  effects  of  surf-bathing  or  the  shower-bath. 

Indirect  constitutional  effects  result  from  localized  electrization  of  the 
central  nervous  system,  and  especially  from  galvanization  of  the  brain, 
spine  and  cervical  sympathetic,  although,  as  will  be  seen,  they  are  not 
as  marked  as  those  which  follow  general  faradization  and  central  gal- 
vanization. 

It  is  a  very  u.teresting  and  significant  fact,  however,  that  since  the 
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introduction  into  medical  practice  of  the  methods  of  localizing  tht 
galvanic  current  in  the  nervous  centres  first  suggested  by  Remak,  elec 
tro  therapeutists  have  achieved  success  in  a  varietj'  of  diseases  asso- 
ciated with  debility  and  impaired  nutrition,  where  before  electrical 
treatment  was  supposed  not  to  be  indicated,  at  least  by  those  who  con- 
fined themselves  to  localized  electrization.*  A  suggestive  fact  relating 
to  this  subject  is  that  Gubler,  who  is  one  of  the  very  few  European 
writers  who  bad  used  faradization  in  such  a  way  as  to  directly  affect  the 
whole  system,  also  remarkerl  tonic  effects  in  conditions  of  debility,  even 
from  his  very  awkward  and  imperfect  method,  f 

2.  Because  the  immediate  effects  of  electrization  are  so  markedly 
stimulating  as  to  suggest  the  idea  that  it  is  simply  and  only  a  stimulant 
or  irritant.  In  some  of  the  cases  for  which  localized  electrization  are 
used  the  stimulant  are  the  effects  which  are  chiefly  desired.  But,  ai 
has  already  been  shown,  many  of  our  ordinary  tonics  are  primarilj 
stimulating,  and  so  much  so  that  they  have  been  classed  as  stimulating^ 
tonics. 

There  is  little  question  that  if  many  tonics  in  ordinary  use,  har 
been  used  only  locally,  as  electricity  has  been  used,  they  might  hav 
been  regarded  merely  as  stimulants. 

3.  Because  until  quite  recently  most  of  the  recognized  authoritit 
and   writers  on    electrotherapeutics  of  modem  days  have  not  use 
electricity  in  those  diseases  and  morbid  conditions  where  tonics,  pa 
txcclUnce.,  were  demanded.     They  have  used  the  agent  mainly  with 
view  to  stimulating  effects,  and  in  some  form  of  localized  electrization 
On  this  principle  they  have   treated  paralysis,  rheumatism,  neuralgi 
etc.     As  we   shalU  demonstrate   hereafter,   besides   those   diseases 
which  the  efficacy  of  localized  electrization   is   fully  established,  tt 
morbid  conditions  and  symptoms  for  which  electrization  is  most  rapid 
and  permanently  successful,  are  precisely  those  in  which  we  use  o 
ordinary    tonics — such   as   dyspepsia,    nervous    exhaustion,    insomn 
hypochondriasis,  hysteria,  general  neuralgia,   chorea,  spinal  irritatic 
and  some  forms  of  paralysis  dependent  on  or  associated  with  gene 
debility. 

Furthermore,  in  prosecuting  this  inquiry  we  must  not  overlook  t 
important  historical  facts : — 

I.    In  the  latter  part   of   the  last    and   early  part  of  the  pres< 

•  Vide  the  writings  of  Remnk,  Meyer,  Benediltl,  Niemeyer. 

f  De  r Electrization  g(*n<?ra]c  consider^e  comme  agent  tonique  «  ttimulant 
fusible.  Bulletin  de  Tkirapeutiqut,  Drfcembre.  1863,  (For  descriptioa  of 
nethuct,  see  p.  24^) 
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century  franklinic  electricity  and  the  current  of  the  voltaic  pile  were 
used  for  a  variety  of  diseases  for  which  we  now  use  tonics,  and  often- 
I  times  with  some  success.  But  the  agent  was  used  mostly  empiricaJty, 
without  any  definite  idea  of  its  nature  or  the  rationale  of  its  operation 
Partly  on  account  of  the  inconstancy  and  uncertainty  of  the  voltaic 
pile,  and  partly  on  account  of  the  many  failures  that  were  neccsi»arily 
Inevitable  with  such  poor  apparatus  and  desultory  experience,  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  this  system  of  treatment  soon  fell  into  disrepute. 
2.  Tonic  effects  have  been  obtained  from  various  methods  of  em- 
ploying  electricity  by  non-professional  men— charlatans  and  outsider! 
— in  the  United  States  at  least,  for  many  years,  although  very  few  of 
diem  have  krown  or  suspected  the  nature  of  the  agent  they  deall 
with,  or  of  the  diseases  they  have  treated. 
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kDoviedge  fits  one  to  iotxSSgeadj  itndjr  the  special  inethods  of  appli*] 
catioo,  and  the  treatment  of  the  ▼arioos  diseases.  Awantofthbl 
edge  b  a  coostant  hindrance,  and  not  mi&eqoentfy  imeilf  discooragetl 
the  beginocr  in  this  sdcnce. 

General  Indicatwns  for  ike  MedUal  ust  of  EUttricitj. — An  error 
that  appears  prominently  in  nearly  all  the  works  on  nacdVal  electricity, 
and  one  that  seriously  interferes  with  the  progress  of  keattfty  and  piuU- 
sopkic  electro- therapeutics,  is  the  habit  of  treating  the  name  of  the 
disease  rather  than  the  conditutn  of  the  system  of  which  the  s)'mptoms  ' 
are  the  result  and  expression.  Men  ask  whether  electricity  is  good  for 
this  disease  or  that  disease  without  any  well-defined  idea  of  the  position 
that  this  powerful  agent  occupies  in  the  annory  of  therapeutics.  It  should 
be  understood  that  electricity  is  a  powerful  stimulating  sedative  tcnie^  and 
AS  such  is  indicated  in  any  subacute  or  chronic  disease,  where  stimulat- 
tng,  sedative  or  tonic  effects  are  indicated,  and  without  reference  to  the 
name  of  the  disease  by  which  the  condition  expresses  itself.  With  this 
general  principle  before  us,  we  cease  to  wonder  that  electricity  is  used 
and  recororaended  in  such  a  wide  variety  of  diseases,  many  of  them  of 
aa  apparently  opposite  character,  and  we  see  the  injustice  of  that 
criticism  which  condemns  electricity  because  it  is  good  for  so  many 
different  affections.     Just  as  quinine,  which  ii  not  a  specific  for  an/ 
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d:>ej5e — ^unless  it  be  chills  and  fever — is  yet  used  freely  as  a  tonic  in 
an  indefinite  number  of  diseases  where  tonic  effects  are  reqaired,  so 
electricity,  which  is  not  a  specific  for  any  one  disease,  is  yet  used  with 
good  results  in  any  number  of  diseases  where  local  or  general  nutrition 
is  impaired  and  needs  to  be  improved.  The  indications  for  the  use  of 
electricity  are  wider  than  the  indications  for  the  use  of  quinine,  for 
the  threefold  reason  that  it  has  a  powerful  setlative  action  which 
quinine,  or  indeed  any  other  single  tonic  remedy  does  not  have ; 
that  its  stimulant  and  tonic  effects  are  more  decided,  and  that  its 
effects,  sedative,  stimulating  or  tonic,  can  be  confined  mainly  to  certain 
organs,  nerves  or  muscles,  or  be  distributed  through  the  whole  body,  aa 
,  way  be  thought  necessary.  When  the  propriety  of  using  electricity  in 
any  medical  case  is  discussed,  the  first  questions  to  be  answered  are : 

1.  Is  there  any  pain  to  be  relieved  ? 

2.  Is  there  any  need  and  chance  for  improvement  in  local  or  general 
nutrition  ? 

If  these  questions  can  be  answered  in  the  affirmative,  then  electricity 
in  some  mode  of  application  may  be  administered.  The  result  of  the 
treatment  will  depend  on  the  skill  with  which  it  is  conducted,  on  the  nature 
of  the  lesion  and  length  of  time  that  it  has  existed,  and  on  the  agree- 
tnent  or  disagreement  of  the  temperament  of  the  patient  witii  elec- 
tricity. 

Siage  of  Disease  when  Electrical  Treatment  is  Indicated, — Electricity  is 
indicated  mainly  for  subacute  and  chronic  diseases;  at  least  the  best  results 
that  come  from  the  use  of  this  remedy  have  thus  far  not  been  obtained  in 
the  acute  stages  of  disease.  And  yet  there  is  no  question  that  in  the 
acute  stages  of  rheumatism  faradization  is  of  value,  and  there  is  reason 
to  believe  that  future  experiments  will  show  that  relief  of  pain,  of 
sleeplessness,  and  of  general  nervousness — with  perhaps  permanent 
benefit — may  be  obtained  in  the  active  stages  of  febrile  and  inflammatory 
Sections.  The  chief  theoretical  objection  to  the  employment  of 
electricity  in  acute  diseases  is  the  fact  that  the  tonic  effects  of 
electrical  treatment  require  so  much  time  that  any  disease  that  runs 
fMit  a  limited  period  will  not  be  able  to  appreciate  them.  This  objec> 
tion  does  not,  however,  apply  to  the  stimulating  or  sedative  effects  ; 
these  can  be  felt  instantaneously  or  within  a  few  hours  after  an  application. 
Electricity  is  certainly  one  of  the  most  potent  of  sedatives,  and  in 
▼ery  many  acute  affections  sedatives  are  constantly  indicated. 

The  old  notion  that  electricity  was  merely  a  stimulant  aided  in  forming 
in  the  professional  mind  another  "ery  gross  error,  that  in  active  intlam 
nations  electricity  is  contra-indicated.      Experience  proves  every  day 
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dbc  tbe  scdautve  effects  of  cccendsf  arc  <.  uiKcdinf^  gjflrftl  m  ews 
ifce  aanr  sages  of  span*  aad  dbeaoedjoialaL 

lAc  diuym  tastt  oi  BBWHpi^pK  ntm  ccicEkjI  enB&oD  it  ■  pePti  ic 
frx&  far  seveni  mowtllft  mtn  u  toe  adxve  iinfatiOD  ass  wihftidrd, 
dbsovc  if^iy'"""!^  eieczncB  txcssmess — wnKS  enor  b  j*er  ■BmcBiiea  Dy 
uMsnf  of  the  <falrsf  wTtters  on  mecicjl  ffci  im  t^ — took  its  oc^m  ic 
Ae  muiMjum  cxncepcianaf  tfie  paadoBof  f  li'«  tiM  hj  m  the  materia 

It  ii  ASealt  to  CQncd««  of  zaj  acthreijr  iiilnnwif  or  fAnIc  staie^ 
lAne  efectiictt^r,  io  At  hanb  of  one  vfao  knoms  ham  to  vk  vitlKiai 
abusing  it,  mxf  not  be  used  wiifaout  mj«iz]r  even  if  it  does  no  good» 

DifereKfiml  Aaiam  ff  dU  PUts^  ojtd  tf  tkt  AsamSmg  mU  DescaiJing 
Cmrrtnis, — ^Tbis  is  a  snbyecz  on  whidi  nnch  has  been  tbooglhc  and  vrit- 
ten,  and  ooncerang  which  opmions  have  been  expressed  vtth  an 
rfwxhirrnesB  ooc  justified  bf  eapetience.  AlMOst  the  fiat  qoestkm  that 
the  bepnoer  in  dectro-thcrapentics  asfcs,  is^  "Which  pole  d»Il  I nse?** 
fli  fhwi^  that  were  die  fii  iMlanieutJl  pioMrin  to  be  solved.  Anochet 
gw  iliiiii  that  is  pot  m  afanost  the  same  breath  ia^  *■  Shall  die  cmrent 
M!  ascendn^  or  oc  ^rgiwiig  ?  " 

These  qneriesseem  to  the  novice  to  be  of  sigpermrnwitf  inipoitance, 
and  be  is  annoyed  that  his  nslractor  or  text-booc  docs  noC  laj'  down 
SDcfa  positive  rules  on  the  sabject  as  to  set  his  doobts  at  rest  Ibrevcr.  In 
after  years,  when  he  shall  have  had  much  experience,  he  will  learn  these 
two  foots :  J^ifitf  that  the  miestioo,  which  pole  or  troich  dncctioo  of  the 
cnzTcnt  CO  nse  in  any  given  case;,  is  ooe  of  vadoos  mmplnfty,  and  can> 
not  ahra^  be  sohred  by  a  dictnm.  SiamOy,  he  wiB  learn  that  d»e  pcac> 
tical  therapemical  ^ffeccnoe  in  die  acdoo  of  the  pole  or  of  the  append- 
i^g  and  desoenAng  cuiient^  b  wnwh  less  denoostnuile  than  be  sn^ 
posed,  and  that  die  special  «fiie<liops  for  each  &ease  are  not  at  hand. 

The  difference  of  the  pfaysiolo^cal  action  of  the  poles  of  the  gahranic 
current,  when  applied  to  the  body,  is,  as  we  have  shown  under  electro^ 
physiology,  of  a  radical  character.  It  has  ^>ecially  been  shown  that 
die  ameUctrtitmie  r^ion  at  the  positive  pole  is  in  a  condition  of  £nun- 
ished,  while  the  csidieirwi^mic  region  near  the  negative  pole  is  in  a 
condition  of  increased  irritafaifity.  Moreover,  it  is  easy  of  demonstra- 
tioD  Aat  the  pcgathre  pole  of  both  cnrrcnts  is  more  painfiil  than  the 
podtive,  and  this  fact,  as  we  have  seen,  enables  ns  to  distingmsb  the 
poles  in  cases  of  doubt,  or  when  we  do  not  onderstand  the  construc- 
tion of  the  battery.  Stdl  fiuther  we  hare  seen  that  oo  the  nerves  of 
fpcdal  senses — notably  on  the  optic  and  auditory  nerves — the  polet 
I  a  £flierential  action  of  a  spedic  rod  demonstrable  character. 
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When  now  we  leave  physiology  and  enter  into  the  complex  realm 
of  therapeutics,  we  find  that  it  is  usually  better  that  irritable  parts  of 
tile  surface  of  the  body  should  be  treated  mainly  by  the  positive  pole. 
This  relative  position  of  the  electrodes  is  not  usually  departed  from  in 
general  faradi2ation  and  central  ga  vanization,  for  the  reason  that  the 
majority  of  cases  that  require  these  methods  of  treatment  are  abnor* 
fually  irritable. 

The  negative  pole,  being  more  irritJitiog  than  the  posirive,  is  indicated 
when  it  is  desired  to  cause  contraction  in  a  paralyzed  muscle,  and  the 
difference  between  the  poles  in  producing  muscular  contraction  is  chief- 
ly a  difference  of  degree  only,  since  both  poles  cause  contraction  when 
placed  on  the  body  of  a  muscle  or  over  its  motor  point,  but  with  the 
same  strength  of  current  a  more  vigorous  contraction  will  be  produced 
hy  the  negative  than  by  the  positive  pole. 

In  regard  to  the  differential  action  of  the  ascending  and  descending 
currents  there  has  been  an  almost  infinite  amount  of  sliallow  observation 
and  impulsive  writing ;  for  how  the  differential  therapeutical  or  differ- 
ential physiological  action  of  the  ascending  and  descending  currents  is 
to  be  rightly  discriminated  from  the  action  of  the  poles  we  cannot  well 
understand. 

The  object  of  appl}'ing  electricity  to  the  body  in  disease  is  to  im- 
prOk-e  nutrition^  and  nutrition  is  a  process  of  infinite  complexity ;  in- 
deed, the  most  complex  and  most  mysterious  of  all  the  wondrous  pro- 
cesses of  nature.  He  who  solves  it  will  become  immortal,  both  as 
the  greatest  scientist  and  the  greatest  theologian  of  history,  leaving 
Kcwton  and  Calvin  far  behind.  The  relief  of  pain,  the  reduction  of 
tumors,  the  increase  in  sir.e  of  muscles — all  these  everyday  results  of 
electrization  are  iigns  of  improvement  in  nutrition,  and  it  is  invpossible 
to  exhaustively  explain  them  by  anything  we  now  know  of  electro-phy- 
siology. Any  man  who  attempts  to  base  all  his  electro-therapeutical 
procefl»jrcs  on  the  laws  of  electrotonos  will  fijid  himself  involved  in  com- 
plications that  have  no  end. 

The  one  practical  rule  in  regard  to  the  poles,  which  we  have  arrived 
at,  is  that  the  positive  pole  is  the  less  irritating.  In  accordance  with  this 
rule  we  place  the  negative  pole  at  the  feet  or  coccyx  in  general  faradi- 
lation,  and  at  the  pit  of  tlie  stomach  in  central  galvanization,  so  that 
the  head,  neck,  and  spine,  and  other  sensitive  parts  affected  may  be 
•aider  the  influence  of  the  positive  pole. 

That  differential  effects — physiological  and  therapeutical — ^naay  arise 
from  a  difference  of  current  direction  is  not  at  all  improbable — cer 
tainly  no  one  can  well  pro^e  the  negative— but   we  see  no  way  of 


230       DIFFERENTIAL  EFFECT  OF  CURRENT  DIRECTION. 


demonstrating  such  differential  effect.  In  every  attempt  that  we  n^e 
the  difiercntial  /c/ar  effect  comes  in  to  complicate,  and  in  out 
judgment,  to  override  any  differential  effect  there  may  be  in  ctirrent 
direction.  Take  the  familiar  experiment  :  an  electrode  in  each  hand  ; 
in  one  arm  the  current  will  be  ascending,  in  the  other  descending. 
If  now  one  arm  were  differently  affected  from  the  other,  have  we  anj 
right  to  rush  to  the  conclusion  that  such  differential  effect  is  due  to  the 
fact,  that  in  one  arm  the  current  is  ascending,  in  the  other  descending  ? 
Is  it  not  far  more  pjobable  that  such  differential  effect  is  due  to  the 
£3u;t  that  the  positive  pole  is  in  one  hand  and  the  negative  in  the  other  ? 
The  differential  effect  of  the  poles  can  be  demonstrated  in  various 
•trays,  and  our  knowledge  of  it  influences  our  practice  ;  the  differential 
effect  of  current  dij^ection,  if  it  be  not  entirely  a  myth,  is  lo  say  ilie 
least  underaonstrated. 

Take  again,  for  illustration,  the  method  of  galvanizing  the  spine.  If 
the  negative  pole  be  placed  at  the  nape  of  the  neck,  and  the  positive  at 
the  lower  end  of  the  spine,  the  current  is  ascending,  and  if  a  certain 
effect  is  produced,  or  believed  to  be  produced,  such  effect  is  attributed 
to  the  fact  that  the  current  is  ascending.  The  upper  pari  of  the  cord 
is  under  the  influence  of  the  negative  pole,  and  the  lowei  part  of  the 
cord  is  under  the  influence  of  the  positive  pole,  and  what  evidence  is 
there  that  there  is  any  differential  action  of  current  direction  aside  frou> 
the  differential  polar  action  ? 

Similar  difficulties  beset  us  when  we  place  one  pole,  say  the  negative, 
on  some  indifferent  point,  as  the  feet,  or  thigh,  and  pass  the  positive 
up  and  down  the  spine.  Have  we  any  right  to  attribute  the  effect  pro- 
duced to  the  fact  that  the  current  is  descending,  when  we  know  that  the 
positive  pole  has  a  very  different  physical,  physiological  and  therapeuti- 
cal effect  from  the  negative  pole,  without  any  regard  lo  current  direc- 
tion, while  we,  as  yet,  do  not  know  that  the  ascending  current  has  a 
different  effect  from  the  descending  current,  without  any  regard  to  the 
differential  polar  effect  One  thing  is  clear  and  indisputable,  and  thai 
is  that  the  differential  effect  of  current  direction,  assuming  that  it 
exists,  is  largely  overborne  by  the  differential  polar  effect.  This  is  true 
of  both  currents.  A  crucial  experiment  for  determining  the  question  of 
the  differential  action  of  the  ascending  and  descending  cunents,  would 
be  to  experiment  on  a  piece  of  nerve  in  a  physiological  condition,  alJ 
parts  of  which  give  the  same  response  to  electrical  excitation,  and  are 
known  to  have  the  same  function. 

If  such  a  nerve-piece  could  be  supposed,  and  if  the  positive  pole 
could  be  placed  on  the  middle  of  it,  and  the  negative  f  ole  at  the  perv 
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pheral  end,  m-c  should  have  a  descending  current ;  the  positive  poltf  re- 
maining at  the  middle  and  the  negative  transferred  to  the  central  end 
of  the  nerve,  would  give  the  ascending  current.  If  now  the  efifect  afte* 
these  procedures  should  be  different,  the  strength  of  current,  pressure 
employed,  and  time  of  stimulation  being  the  same,  and  if  the  effect  of 
previous  stimulation  could  be  eliminated  before  the  second  part  of  the 
experiment  is  made,  we  should  have  a  conclusive  demonstration  of  the 
differential  physiological  effect  of  the  current  direction.  But  such  an 
experiment  is  ideal,  and  the  complications  are  too  great  for  science  at 
present  to  make  it  actual.  In  all  physiological  experiments  of  this  kind 
differential  polar  effect  complicates,  if  it  does  not  neutralize,  the  dif- 
fcrential  effect  of  current  direction. 

In  therapeutics,  the  complications  of  the  subject  are  all  the  greater, 
because  all  the  statements  that  have  been  and  are  made  in  regard  tc 
the  advantages  or  disadvantages  of  the  ascending  or  descending  cur- 
icnt  in  this  or  that  direction  are  of  little  worth. 

The  practical  rules  on  this  subject  to  which  experience,  enlightened 
and  fortified  by  physics,  physiology,  and  pathology,  have  led  us,  may  be 
dios  recapitulated. 

1.  The  stimulating,  sedative  and  tonic  effects  of  electricity,  faradic 
and  galvanic,  are  obtained  by  either  pole,  or  by  both  combined  or  in 
alternation,  the  difference  in  their  therapeutical  action  being  merely 
a  difference  of  degree. 

2.  In  cases  where  the  sedative  effects  are  more  indicated  than  the 
stimulating  effects,  the  positive  pole  is  preferable  to  the  negative,  since  it 
is  less  irritating,  and  with  the  uninterrupted  galvanic  current,  produces 
catelectrotonos,  or  a  condition  of  diminished  irritabih'ty. 

In  the  great  majority  of  the  nervous  cases,  where  general  faradization 
or  central  galvanization  are  used,  sedation  is  more  needed  than  stimula- 
tion ;  hence  the  general  nile  to  use  the  positive  pole  in  these  methods. 

3.  In  cases  where  the  stimulating  effects  are  more  indicated  than  th» 
sedative  effects,  the  negative  pole  is  preferable  to  the  positive,  since 
it  is  more  irritating,  and  with  the  galvanic  current  produces  cat- 
electrotonos, or  increased  irritability. 

For  those  temperaments,  now  and  then  met  with,  that  are  exceedingly 
tolerant  of  electricity,  who  can  bear  it  in  any  doses,  however  given,  and 
for  cases  of  local  or  general  anaesthesia  and  paralysis  of  motion,  whatever 
may  be  the  pathological  cause,  stimulation  is  more  needed  than  sedation  • 
hence  it  is  an  advantage  in  such  cases  to  use  the  negative  pole,  and  in 
some  cases  **  voltaic  alternatives,*'  which  are  more  irritating  than  eitbo 
pole  when  used  alone. 
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Inasmodi  as  «r  camooC  tdl  tlic  degree  of  dectxo-sascepuvity  ic 
A  patient  nodi  ve  have  tested  it,  k  b  wdl  alvajs  to  be|^  general 
CuaifizatioQ  and  central  gahranizadon  with  the  poshrre  pole.  Tbts  rale 
is  e^pedalljr  inpoftant  in  the  United  States,  when  the  majon^  of  om 
p»A-wtc  of  bodt  sexes  are  susccptibfe  2nd  nertoos  and  require  sedation 
more  than  srimnlarton. 

B^  ike  Siot  0/  the  ZHsemse  mmd  the  Efects  0/ the  J>ueau  U  U 
DreaUd, — ^The  qneij  wlietfaer  in  localized  electnxatian  we  sikoold  direct 
the  treatment  mainljr  to  the  seat  ef&e  £s€^se^-^ibc  patikalogiica]  Usi&n, 
cr  to  liie  seai  ef  the  prcwunemi  jjm^toms — the  eg^rds  of  the  lesion — has 
l^vcB  rise  to  some  discussian. 

It  soonds  veiy  practical  to  adwise  the  treatment  of  the  symptoms 
witboat  regard  to  die  scat  of  the  lesion.  It  soonds  very  scientific  to 
dalm  tha.t  the  electricity  should  be  confined  to  the  escact  seat  of  the 
'i***'***'  Now  the  wise  pfajsidan  ts  both  scientific  and  pncdca],  and 
Weping  clearly  before  the  mind  thb  central  dioagfat,  dut  the  leading 
•ctioo  of  eiectrictty  is  that  of  a  stimulating  tonic  with  a  powerful 
•edative  infioence,  we  can  readily  discern  the  tmlh  on  this  sobjecL 
Both  the  seat  of  the  disease  and  die  seat  of  the  symptom  shoold  be 
treated,  for  in  both  there  is  need  of  inapioveiucnl  in  natrtdon.  In 
diis  view  common  sense  and  experience  accord  In  hemiptegia,  for  a 
typical  example,  the  lesion,  the  seat  of  the  (£sease,  is  in  die  brain, 
while  the  leading  symptom  b  in  one^ialf  of  die  body,  whkh  b  para^ 
lyzed.  The  moscles  of  diat  side  become  atrophied,  and  d)e  i>efTes 
become  anaesdaetic.  To  restrict  the  electrization  to  the  hram,  and  to  that 
side  of  it  where  the  lesion  b  or  b  supposed  to  be,  b  so  imposing  and 
scientific  in  dieofy  that  dectro-dKrapeotisCs  of  limited  experienoe 
wm^  advise  this  treatment  excittsively.  To  purify  the  stream,  first 
porify  the  foontain.  Lay  the  axe  at  the  root  of  the  tree.  AD  these 
analogies  are  beautifii],  but  they  are  Gdlaoons.  The  sjrmptoms  of  the 
dbease  will  not  disappear  when  the  disease  disappears.  The  effects 
remain  after  the  dot  b  absorbed.  In  the  larger  mmiber  the  half  of 
the  body  b  as  mt>di  the  seat  of  the  dbease  as  the  brain ;  for  die 
sereral  parts  of  thb  human  machinery  are  all  members  one  of  another. 
When  one  suffers  all  suffer.  To  confine  the  treatment  to  the  paralyzed 
muscles  b  also  irrational,  although  the  porely  perif^aeral  treatment  b 
&r  more  successful  than  purely  central.  If  we  are  to  be  exchisiTr  and 
ooe-saded  and  dieoretical  in  our  treatment,  it  b  better  to  exdosively 
treat  what  are  called  the  symptoms  or  effects  of  the  disease,  and  to 
neglect  the  brain  altogether.  But  it  b  the  pait  of  the  higher  wisdom 
Co  use  bodi  methods— central  and  i>enpherBl,  bo  alta^^  die  seat  of  Ike 
lesion  and  the  seat  of  the  sympton. 
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The  most  satisfactory  results  in  hemiplegia  come  from  a  coi.ibination 
of  peripheral  and  central  treatment.  Similarly  with  diseases  of  the 
spinal  cord,  as  congestion,  sclerosis,  resulting  in  paralysis  of  n^otion 
or  sensation.  Purely  central  treatment — galvanization  of  the  spinal 
<ord — is  not  sufficient ;  the  symptom  also,  the  paralysis,  must  be 
treated  directly  in  tlie  muscles  and  nerves  where  it  is  most  prominent 
In  diseases  of  the  spinal  cord,  treatment  confined  to  the  seat  of  the 
disease  does  more  good  than  in  diseases  of  the  brain,  for  the  reason 
that  the  cord  is  more  accessible  to  the  current,  its  surface  being  more 
ex])05ed,  as  it  were,  throughout  its  entire  length.  But  those  who 
content  themselves  with  treating  diseases  of  the  cord  by  simple  galvani- 
zation, to  the  exclusion  of  peripheral  treatment,  make  a  grave  mistake  ; 
they  foil  where  they  ought  to  succeed,  and  they  succeed  only  in  a  small 
percentage  when  a  large  percentage  was  possible.  Cases  of  ataxia, 
as  well  as  of  motor-paralysis  need  peripheral  treatment  with  the  moist 
fpong*-  -^r  wire  brush,  or  both,  as  well  as  galvanization  of  the  spine. 
On  the  ..ame  principle  our  method  of  central  galvanization  is  some- 
times more  effective  in  diseases  of  the  cord  and  brain  than  localized 
galvanization  of  these  parts,  as  usually  practised.  In  neuralgia  also, 
where  the  seat  of  the  disease  is  in  the  nerve-centres,  the  application 
should  be  made  both  to  the  tender  and  painful  points,  as  well  as  over  the 
root  of  the  ner\e,  and  a  very  good  method  of  application  is  to  place 
one  pole  over  the  origin  of  the  painful  nerve,  as  near  as  possible,  and 
the  other  over  the  tender  point  and  along  the  whole  course  of  the 
nerve.  Frequently  neuralgia,  as  we  shall  see,  yields  to  our  method  of 
central  galvanization — where  not  only  the  painful  and  diseased  parts,  but 
also  the  whole  central  nervous  system,  whether  healthy  or  not,  is  treated, 
—when  it  does  not  yield,  at  least  as  rapidly  or  as  surely,  to  local  appli- 
cations either  central  or  peripheral. 

H<althy  parts  may  bt  benefited  by  Electrization, — ^There  is  a  kind  of 
unconscious  idea  abroad  among  electro-therapeutists  that  in  applying 
electricity  to  the  body  it  is  necessary  to  avoid  acting  on  healthy  parts, 
and  that  the  direct  effects  of  the  current  should,  so  far  as  possible,  be 
confined  to  the  part  that  is  supposed  to  be  in  a  diseased  condition. 
This  erroneous  doctrine  takes  its  origin,  first,  in  the  teaching  of 
Duchenne  and  other  advocates  of  localized  electrization,  and,  secondly^ 
tn  the  narrow  and  incorrect  ideas  of  the  general  physiological  and  thera- 
peutical  action  of  electricity. 

Duchenne,  by  embodying  the  term  "  localized  "  in  the  title  of  his  work, 
has  done  much  to  popularize  in  the  profession  the  notion  that  in  elec- 
trical applications  the  aim  should  be  to  concentrate  the  current  on  the 
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part  where  it  is  supposed  to  be   needed,  and  to  avoid  affecting  other 
parts. 

The  idea  that  electricity  is  a  mere  stimulus,  and  only  valuable  as  9 
means  of  exciting  paralyzed  m-jscles  or  waking  up  dormant  nerves, 
would  very  naturally  lead  to  the  adoption  of  the  view  that  it  should  be 
used  only  in  those  parts  that  are  in  need  of  stimulation,  and  that 
healthy  parts  would  be  injured  by  it.  The  false  ideas  that  have  pre- 
vailed in  regard  to  effect  of  stimuli,  which  we  have  elsewhere  discussed, 
have  tended  to  increase  this  absurd  dread  of  applying  electricity  to 
healthy  parts,  A  little  common  sense  applied  to  this  subject  may  per- 
haps help  us  to  find  the  truth  without  great  difficulty. 

First  of  all,  we  must  bear  in  mind  alwa>'s  that  the  doctrine  taught  by 
the  European  writers,  that  electricity  is  a  stimulus  merely,  is  narrow 
and  erroneous.  Electricity,  applied  to  the  body,  acts  as  a  stimulating 
tonic  with  a  powerful  sedative  influence.  Then,  again,  stimulants  are 
something  more  than  mere  goads  or  spurs  ;  they  correct  and  intensify 
the  forces  of  the  body,  and  may  be  useful  and  as  necessary  in  conditions 
that  we  call  healthy  as  in  those  that  we  call  unhealthy.  Stimulants 
tonics,  and  sedatives  are  called  for  ever>'  day,  and  are  every  day  em- 
ployed by  nearly  every  member  of  the  human  race,  young  or  old,  sick 
or  well.* 

Still  further,  pathology  is  not  so  much  a  special  and  separate  condi- 
tion as  a  degree  of  the  normal  condition  of  health.  No  one  can  tell 
just  where  physiology  ends  and  pathology  begins.  Reasoning  from  all 
these  considerations,  it  is  clear  not  only  that  electricity  need  not  be 
confined  to  diseased  parts,  but  that  the  parts  that  we  call  healthy  may 
be  benefited  by  it  just  as  truly  as  those  that  we  believe  to  be  un- 
healthy, and  the  benefit  they  receive  may  react  favorably  on  the  dis- 
eased parts,  and  thus  aid  the  treatment. 

These  views  are  enforced  by  analogy.  Very  few  of  our  stimulating 
tonic  or  sedative  remedies  are  limited  in  their  action  to  parts  that  are 
diseased.  The  medicines  that  we  give  by  the  mouth  or  by  the  syringe 
go  whither  they  please,  and  if  they  sensibly  affect  some  diseased  organ, 
it  is  not  because  their  action  is  confined  to  that  organ,  but  because  that 
organ,  on  account  of  its  readier  operation  or  of  its  disease,  is  more  sensi- 
tive than  other  parts  to  the  influence  of  remedies.  Alcohol  or  opium  go 
to  the  brain,  lead  affects  the  exterior  muscles  of  the  forearm,  and  the 
influence  of  chlorate  of  potash  is  quickly  felt  in  the  mucous  membrane 
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•  This  nbject  i»  discussed  in  detail  in  Dr.  Bearr's  work  on  **  Stimulants  and 
Narcotics." 


of  the  mouth  •,  but  none  of  these  remedies  restrict  themselves  to   the 
parts  that  are  the  most  perceptibly  affected  by  them. 

Indeed,  the  fact  that  oar  raost  valued  medicines  are  used  for  such  a 
variety  of  local  and  general  affections  shows  that  their  effects  are  not  con 
fined  to  separate  parts  of  the  body  to  the  extent  that  has  been  supposed. 
EUectricily  can  be  localized,  in  cases  where  it  is  desirable  to  do  so, 
better  than  almost  any  other  remedy,  and  yet  the  most  careful  and  suc- 
cessful localization  of  the  current  is  more  or  less  imperfect.  The  re- 
flex effect  of  electrization  that  always  complicates  the  direct  effects, 
md  which  are  sometimes  of  more  value  than  the  direct  effects,  cannot 
be  aroided.  Then,  again,  the  branch  currents,  which,  as  we  have 
seen,  move  in  undulations  not  only  directly  between  the  electrodes,  but 
at  a  considerable  distance  on  either  side  of  the  median  line  between 
them,  will  be  likely,  in  nearly  all  forms  of  application,  to  touch  healthy 
paxts  that  do  not  stand  in  especial  need  of  treatment.  The  most  com* 
plete  form  of  localized  electrization  is  electrolysis  when  the  needles  are 
placed  close  together,  but  even  here  the  reflex  effect  is  most  powerful, 
■nd  operates  with  a  mild  as  well  as  with  a  strong  current. 

But  fortunately  it  is  never  necessary  to  localize  electricity,  in  the 
strict  sense  of  the  term.  It  is  sometimes  necessary,  however,  to  avoid 
producing  too  strong  reflex  effects,  and  in  applications  near  sensitive 
the  possibility  that  the  branch  currents,  if  powerful  currents  are 
,  may  over-irritate,  should  ever  be  borne  in  ratnd.  Experiment  and 
ricnce  show  that  healthy  animals  and  men  can  be  electrized  with 
fit  all  over  the  body,  or  in  any  part  of  it.  In  applying  electricity 
to  any  part  of  the  body  we  improve  the  nutrition  of  that  part ;  in  ap- 
ing electricity  to  the  whole  body  we  improve  the  nutrition  of  the 
!  body,  or,  at  least,  of  those  parts  which  are  directly  or  indirectly 
need  by  the  current  Faradization  of  a  healthy  muscle  maket 
<  grow  faster  than  it  would  grow  without  faradization  ;  in  other  words, 
produces  the  same  effect  that  it  would  if  the  muscle  were  paralyzed, 
a  part  is  in  a  pathological  condition — when,  for  example,  a 
i  is  atrophied — any  improvement  in  nutrition  under  electrization 
b  more  quickly  observed,  and  is  probably  more  rapid  and  important 
than  when  the  same  nniscle  is  treated  in  a  physiological  condition ; 
hot  the  improvement  of  the  healthy  muscle  is  none  the  less  real, 
tiMMgh  it  mxy  be  relatively  less  important  than  in  the  diseased  muscle. 

The  Ionic  effects  of  general  faradization  and  of  central  galvanization, 
•fid,  tndeed,  of  many  forms  of  localized  electrization  arc  due  to  the 
Sted  or  indirect  action  of  the  current,  on  parts  which  are  more  or  less 
Iwalthy,  or  which,  to  say  the  least,  are  not  in  any  recognizable  path<> 
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lagical  state.     The  objection  sometimes  brought  against  these  methc 
that  they  do  thus  affect  healthy  parts,  simply  attempts  to  prove  too 
much.     The  same  argument  would  baoish  all,  or  nearly  all  our  stimu 
lants,  tonics,  and  sedatives  from   our  materia  medica,  and  practically 
discourage  all  attempts  to  relieve  or  cure  clironic  diseases  of  the  ner- 
vous system. 

Dose  of  Electricity. — Nearly  all  our  medicines  are  prescribed  by  aa 
average  standard  dose.  This  average  standard  ia  derived  from  experi- 
ment and  experience,  and,  with  the  majority  of  drugs,  is  a  safe  guide 
in  administration,  although  every  judicious  and  thoughtful  physician 
itudies  each  case  by  itself,  and  varies  the  dose  according  to  the  ap 
parent  indications, 

In  the  case  of  electricity,  when  medically  employed,  the  dose  cannot, 
in  the  present  state  of  science,  for  obvious  physical  reasons,  be  arbitra- 
rily or  mathematically  stated. 

The  dose  of  an  application  of  electricity  consists  of  these  lactors  :— 

1.  The  strength  of  the  current,  or  the  quantity  of  electricity  tliat 
flows  in  a  given  time, 

2.  The  length  of  the  application. 

Both  of  these  factors  are  so  modified  in  various  ways  that  they  can- 
not attain  anything  like  mathematical  precision.  The  strength  of  the 
current,  or  the  quantity  of  electricity  that  flows  through  the  circuit,  as 
we  are  taught  by  Ohm's  law,  is  the  electro-motive  force  divided  by  the 
resistance.  We  have  previously  shown  (in  Electro-Physics,  chapter  vii.) 
that  both  of  these  factors  are  susceptible  of  almost  infinite  variations, 
some  of  which  are  and  others  of  which  are  not  understood. 

In  the  time  of  the  application  there  is  less  vagueness,  but  even  in 
this  factor  the  precision  is  giore  apparent  than  real ;  for  the  effect  of 
electricity  depends  so  much  on  the  manner  in  which  application  \t 
made,  whether  with  interniptions  or  without  interruptions,  whether 
with  large  or  small  electrodes,  etc.  The  method  of  the  application, 
whether  local  or  general,  and  if  local,  to  what  part,  and  how  directed, 
also  moditres  seriously  the  determination  of  the  dose  from  the  length 
of  the  application.  Ten  minutes  of  genera!  faradisation  or  central 
galvanization  will  have  a  much  more  powerful  general  effect  than 
ten  or  even  twenty  minutes  of  local  electrization.  Five  minutes  of 
galvanization  of  the  brain  will  accomplish  more  good  or  evil  than 
fifteen  minittes'  faradiiSition  of  the  uterus,  or  of  any  one  of  the  extremi- 
ties. 

The  time  may  yet  come,  in  the  advance  of  science,  when  electrical 
measurement  will  attain  such  a  degree  of  precision  tliat  we  shall  be  able 
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to  prescribe  so  indins  farads  of  electricity,  as  we  now  prcscrib;  fo  many 
grains  of  quinine,  or  so  many  drops  of  laudanum ;  but  the  day  when 
such  exactness  shall  be  possible  in  applications  to  the  human  body  is 
probably  not  very  near.  Our  present  method  of  measuring  the  gal- 
vanic current  by  the  number  of  degrees  of  deflection  of  the  needle  of  a 
i  galvanometer  is  very  unsatisfactory,  for  the  twofold  reason  that  the  de 
flection  beyond  a  certain  angle  does  not  accurately  represent  the  relative 
strength  of  the  current,  and  especially  because  when  applied  to  the 
body  a  different  and  varying  resistance  is  encountered,  which  at  once 
destroj's  the  value  of  the  comparison.  Electro-therapeutists  have  some- 
times stated  the  amount  of  the  deflection  which  the  current  caused 
before  being  applied  ;  but  all  such  statements  are  of  little  or  no 
value,  and  particularly  when  we  do  not  know  the  construction  of  the 
particular  galvanometer  which  they  employ.  A  further  difficulty  in 
measuring  electricity  by  the  galvanometer,  is  that  the  strength  of  the  cur- 
rent in  most  of  the  batteries  in  common  use  declines  during  the  appH 
cations,  so  that  a  current  which  is  powerful  at  Arst  may  in  the  course  of 
Kn  Of  fifteen  minutes  be  only  medium. 

The  graduated  scale  on  some  of  our  faradic  machines,  and  which  in 
dicates  the  number  of  inches  that  the  rod  or  helix  or  tube  is  moved, 
is  also  a  practically  useless  guide,  except  as  far  as  it  may  be  resorted 
to  to  encourage  and  amuse  silly  and  weak-minded  patients.  In  any 
fiiradic  machine  the  strength  of  the  current  in  the  cell,  and  consequent- 
ly the  strength  of  the  induced  current  in  the  coil,  varies  from  day  to  day, 
and  varies  during  the  application  ;  and  the  amount  that  passes  through 
the  patient  is  dependent  on  the  siie  of  the  electrodes,  and  the  amount 
of  moisture  in  them,  and  their  relative  position. 

In  default  therefore  of  any  trustworthy  means  of  prescribing  electricity 
by  farads,  or  other  definite  measures,  we  are  compelled  in  practice 
Co  depend  on  these  two  indications  : 

t.     Tht  stnsations  of  the  patient. 

Very  fortunately  the  sensation  of  the  patient  during  the  application 
tadicates  with  considerable  correctness  whether  the  current  is  of  the 
proper  strength.  The  rule  is  that  where  strong  currents  are  borne 
without  discomfort  strong  currents  are  beneficial ;  where  only  mild  cur- 
rents are  borne  only  mild  currents  are  indicated.  The  difference  in  the 
aatnral  sensitiveness  of  patients  to  electricity  is  very  great.  This  dif- 
fetrnce  is  further  modified  by  disease.  In  anaesthesia  local  and  general, 
tn  sclerosis  of  the  nerve  centres,  and  certain  local  affections,  very  powei* 
(bl  currents  cause  but  little  pain.  On  the  other  hand  in  hyperesthesia, 
in  hysteria  and  allied  affections  as  a  rule,  and  in  acute  and  subacute 
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locaJ  inflammations,  only  mild  currents  can  be  borne.  To  disregarS 
the  feelings  of  the  patient  and  make  the  applications  exceedingly  pain- 
ful will  tend  to  produce  the  evnl  rather  than  the  good  effects  of  elec- 
tricity. To  give  only  mild  applications  when  painful  ones  could  be 
well  borne  is  to  rob  the  patient  of  a  part  of  the  benefit  to  which  he  li 
entitled. 

To  the  rule  that  the  sensations  of  the  patient  are  t>  e  guide  in  elec 
trical  applications  there  are  some  exceptions,  just  as  there  are  some 
exceptions  to  the  rule  that  the  appetite  is  the  guide  in  the  quantity 
of  food  that  we  cat.  It  is  partly  to  guard  against  these  exceptions,  and 
to  keep  on  tlie  safe  side,  that  the  first  few  applications  on  a  new  pa- 
tient whom  we  have  not  before  treated  by  electricity^  should  be  mild  and 
short. 

Not  only  do  different  individuals  vary  in  their  sensitiveness  to  electri- 
city, but  different  parts  of  the  surface  of  the  body  in  the  same  individual 
also  vary,  as  we  have  seen  through  a  considerable  range ;  and  in  the 
cavities  of  the  body  and  on  the  mucous  surface  the  range  of  variation 
in  sensitiveness  is  yet  greater.  The  mucous  membrane  of  the  mouth, 
tongue,  urethra,  is  very  sensitive,  and  this  sensitiveness  should  be  re- 
spected by  the  electro-therapeutist. 

There  are  some  quite  rare  cases  of  hysteria  where  the  great  sensi- 
tiveness of  the  patient  may  be  disregarded,  or  chloroform  or  edier  may 
be  administered.  The  sensitiveness  of  the  patient  is  a  guide  only  or 
mainly  in  regard  to  the  strength  of  the  current-  In  regard  to  the 
length  of  the  application  we  must  be  guided  by — - 

2.  T/u  immediate^  secondary^  and  remote  effects.-^Thxs  second  guide 
serves  to  correct  the  mistakes  of  the  first.  A  meal  that  disagrees 
with  us  may  show  its  ill  effects  in  a  few  minutes  or  hours,  or  the 
following  day.  Similarly  we  should  study  the  effects  of  electrical  ap- 
plications. So  far  as  any  one  or  all  of  the  good  effects  described  in  this 
chapter  follow  an  application,  so  far  we  may  judge  that  the  applica- 
tion has  done  good  ;  so  far  as  any  or  all  of  the  evil  effects  described 
in  this  chapter  follow  an  application,  we  may  judge  that  it  has  done 
evil.  The  eWl  and  the  good  effects  may  sometimes  be  associated. 
To  rightly  interpret  these  effects,  and  to  distinguish  between  those  that 
are  produced  by  the  applications  and  those  that  are  produced  by 
moral,  hygienic  or  medical  causes  is  one  of  the  severest  tests  of  medi- 
cal skill.  There  is  less  liability  to  deception  in  studying  the  immediate  i 
effects,  since  there  is  less  chance  for  othei  forces  to  complicate  the 
results.  After  a  few  hours,  the  complications  of  diet,  exercise,  weather, 
medicine  and  so  forth  begin  to  appear,  and  obscure  the  effects  of  the 
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electricity.  The  secondary  and  remote  effects  can  therefore  only  be 
ascertained  by  repeated  observations.  A  single  application  gives  ua 
liltle  opportunity  to  answer  the  question  whether  electricity  is  really 
the  remedy  that  the  case  requires. 

One  caution  tnust  not  be  forgotten :  the  immediate  and  secondai^r 
•effects  may  be  evil  while  the  remote  effects  may  be  good. 

A  long  walk  that  much  fatigues  us  is  often  beneficial,  though  the 
benefit  does  not  appear  for  several  days.  Those  who  take  travelling 
vacations  to  recruit  exhausted  energies,  frequently  feel  worse  while 
they  are  travelling,  but  are  stronger  on  their  return  and  for  months 
following.  The  fatigue  and  soreness  and  stiflhess  that  sometimes  fol- 
low skating  and  gymnastics,  and  other  exercises,  do  not  always  indi- 
cate  that  benefit  has  not  been  derived.  The  next  day  the  appetite 
and  spirits  may  be  better,  sounder  sleep  may  follow ;  the  evil  and  the 
good  effects  contend  for  the  mastery,  and  the  good  effects  triumph. 

The  best  results  of  Electrical  Treatment  usually  obtained  with  Mild 
Currents. — For  the  average  constitution,  and  with  the  exceptions  that 
<ome  from  certain  idiosyncrasies  and  certain  diseases,  such  as  anaesthesia, 
the  best  results  of  electrical  treatment  are  obtained  by  mild  currents. 

The  temptation  to  disregard  this  rale  and  use  painful  currents  is, 
even  for  the  experienced  electro-therapeutist,  very  great,  and  sometimes 
irresistible.  The  dogma,  •*  no  smart  no  cure,"  which  has  wrought  so 
much  misery  in  the  world,  still  lingers,  even  among  the  intelligent. 

The  descendants  and  near  relatives  of  the  man  who  growled  at  his 
•dentist  for  extracting  his  tooth  without  pain  or  bluster,  because  he 
had  been  accustomed  to  being  hauled  all  around  the  room  during  that 
operation,  are  yet  very  numerous.  Even  in  cultivated  circles  there 
can  be  found  those  who  have  no  faith  in  medicine  imless  it  is  bitter, 
and  no  respect  for  the  doctor  unless  he  half  kills  them.  Then  again 
some  patients  make  a  virtue  of  bearing  pain,  and  will  pretend  that  they 
do  not  feel  the  current  when  they  know  they  are  suffering  all  the 
horrors  of  the  damned.  Moreover,  mercenary  patients  wish  to  get 
their  money's  worth,  and  if  they  pay  so  many  dollars  for  an  application, 
they  want  so  many  dollars'  worth  of  agony.  For  all  these  reasons  com- 
bined, we  are,  in  spite  of  our  experience  and  caution,  continually 
making  the  blunder  that  we  here  warn  against.  Over  the  doors  of  the 
electro-therapeutist,  and  in  full  view  of  the  operating  chair,  we  would 
inscribe  this  motto,  "Better  give  much  too  little  than  a  little  too 
much.'  * 

The  use  of  Salt  on  the  Electrode. — A  very  good  device  to  prevent  using 
too  strong  currents,  particularly  the  galvanic  current,  is  to  saturate  the 
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iponges  or  clofhs  of  the  electrode  with  plenty  of  salt  wa'.^r.  Salt  watei 
is  a  good  conductor,  much  better  than  simple  water,  and  wiJl  cause 
the  patient  to  sensitively  feel  a  current,  of  which,  if  the  sail  watei 
were  not  used,  he  would  not  be  conscious. 

With  the  same  strength  of  current,  a  sponge  or  cloth  electrode 
saturated  with  salt  is  more  painful  than  a  similar  electrode  not  so 
saturated.  The  current  when  conducted  though  salt  seems  to  pass  in 
points  from  the  electrode  to  the  body  just  as  when  conducted  through 
metal  or  the  metallic  brush.  In  a  word,  an  electrode  saturated  with  salt 
not  only  conducts  a  greater  quantity  of  electricity,  in  accordance  with 
Ohm's  law,  but  conducts  it  more  painfully  than  an  electrode  saturated 
with  ordinary  water. 

Care  in  the  Details  of  the  Applications. — There  is  as  much  differ- 
ence between  a  skilful  and  an  awkward  application  of  electricity  a» 
there  is  between  a  skilful  and  an  awkward  operation  in  surgery.  By 
those  who  desire  to  become  experls  in  applying  electricity,  the  follow- 
ing  points  should  be  considered  : 

I.  To  avoid  suddenly  interrupting  the  currents  in  cases  where  inter- 
ruptions are  not  required,  and  especially  in  applications  on  or  near  the 
head.  In  the  treatment  of  paralysis  of  motion  and  of  sensation,  inter- 
ruptions are  required,  but  in  the  treatment  of  the  brain,  spinal  cord, 
and  sympathetic,  and  in  very  jnany  peripheral  applications  stable  cur- 
rents only  are  required.  In  all  such  cases  the  current  should  be  closed 
gradually  and  deh'cately.  if  possible  by  means  of  a  rheostat  of  some 
kind,  or  by  increasing  or  diminishing  the  pressure  on  tlie  sponge  of  the 
electrode.  Intermptions  made  in  the  metallic  part  of  the  current  are 
always  more  sudden  and  violent  than  those  made  in  (he  electrodes,  for 
the  physical  reason  that  the  connection  of  the  current  is  more  sharp  and 
abmpt. 

Delicate  patients  should  be  treated  ^'ith  delicacy.  Those  who  are 
sensitive  and  apprehensive  should  never  be  annoyed  by  sudden  breaks 
in  the  current,  except  in  those  forms  of  disease  where  sudden  breaks 
a5e  required. 

In  presenting  this  caution  we  do  not  intend  to  endorse  the  notion  that 
serious  pathological  lesions  are  caused  by  interrupting  the  current,  even 
on  or  near  the  brain.  There  is  little  or  no  evidence  besides  the  case 
of  Duchenne,  that  any  serious  injury  to  the  retina,  or  to  the  auditory 
nerve,  or  to  any  part  of  the  brain,  or  sympathetic,  or  spinal  cord,  has 
been  produced  by  faradization  or  galvanization  with  the  strength  of  cur- 
rent ordinarily  employed  in  electro-medical  applications.  The  dizzi- 
ness, the  sour  taste  in  the  mouth,  the  flashes  of  light  before  the  eye^ 
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tbe  shock  or  agitation  produced  by  the  sudden  intemiption  of  the 
g&lvanic  current,  are  annoying,  and  to  the  delicate  patient  unaccus- 
tomed to  them,  sometimes  alarn«ng,  but  with  the  batteries  in  ordinary 
BSe*  and  with  the  strength  of  current  that  is,  or  ought  to  be  employed 
dirou^h  the  head  and  neck,  they  are  rarely  if  ever  dangerous  :  they 
are  temporary  effects  that  soon  pass  away,  and  are  forgotten.  But 
sy  arc  to  be  avoided  in  cases  where  they  are  not  required,  for  the 
aree-fold  reason  that  they  do  no  positive  good,  that  they  may  interfere 
«rtth  the  success  of  the  treatment,  and  that  they  alarm  or  annoy  the 
patient.  We  are  to  avoid  worrying  our  patients  in  this  way,  for  the 
same  reason  that  we  are  to  avoid  treading  on  their  corns,  because  it  is 
rceable  and  discourteous. 

To  avoid  making  the  applications  unnecessarily  painful   through 
Jessness  in  the  management  of  the  electrodes.      By  the  use  of  fine 
'and  soft  sponge — the  best  that  can  be  found  in  the  shops — the  smarting 
and  stinging  pain  of  the  applications  can  be  much  diminished.      Aside 
finom  the  fact  that,  with  some  exceptions,  less  satisfactory  results  follow 
unful  than  pleasant  currents,  the  feeling  of  pain  should,  so  far  aspos- 
be  avoided.     There  are,  as  we  have  said,  a  certain  number  of  pa- 
tients who  carry  into  medicine  the  same  views  that  once  dominated  in 
[  veli^OQ,  and  who  desire  to  suffer,  and  have  very  little  respect  for  any 
Ifreatment  that  does  not  cause  more  or  less  agony.      Such  patients  will 
[son^etimes  find,  after  one  or  two  severe  and  painful  applications,  thai 
they  are  injured  more  than  benefited,  and  will  submit  to  the  advice  of 
the  physician  and  take  the  treatment  that  is  best  for  them. 

3.  To  avoid  surprising  and  startling  the  patient  by  allowing  the  wires, 
the  metallic  ix)rtions  of  the  electrodes,  to  touch  any  part  of  his  ^x- 

Pj»oaed  body.     If  the  connecting  wires  slip  out  of  their  connections  with 
f^be    '  "  s  they  are  liable  to  fall  on  the  exposed  skin  and  give  a 

'  pair  K.     If  the  edge  of  the  electrode  not  covered  with  sponge 

or  cloth  touches  the  skin,  it  will  give  the  patient  sudden  nain,  and 
annoy  both  him  and  the  operator.  Connecting  wires  that  are  not  pro- 
tected by  rubber  axe  liable  to  lose  their  silk  or  cotton  cov^nngs  in 
places,  which  when  they  touch  the  skin  cause  pain. 

4.  To  be  always  and  every  moment  sure  that  the  current  is  rvmning^ 
Tlie  batteries  should  be  tested  before  ti)e  application,  either  by  the 
galvanometer  or  through  the  hand  or  person  of  the  operator,  that  he 
may  be  sure  that  it  is  in  order,  that  the  connections  are  properly  made, 
and  that  the  electrodes  are  sufficiently  wet  to  conduct  the  current 
When  mild  currents  are  used,  salt  may  be  added  to  the  soluticm  in 
which    the   tlcctrode  is    dipped,    so    that    a  slight  stinging  8en«'>tioo 
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beneath  ihe  electrode,  may  keep  the  patient  assured  tliat  ihe  curreat 
is  passing. 

Disrobing  of  the  Patient. — The  great  majority  of  electrical  applica- 
tions require,  on  the  part  of  the  patient,  more  or  less  loosening  or 
rcjiioval  of  the  dress.  Not  only  is  this  necessary  in  general  faradiza- 
tion and  central  galvanization,  but  in  very'  many  local  applications  to 
the  spine,  abdomen,  and  upper  and  lower  limbs, — excepting  merely  the 
face,  head  and  hands.  To  know  how  to  direct  the  patients  to  arrange 
their  clothing  so  as  to  give  the  operator  sufficient  and  easy  access  to  the 
person,  is  a  part  of  the  art  of  practical  electro-therapeutists,  and  it  is 
an  art  not  to  be  despised.  Male  patients  have  less  trouble  in  this  re- 
gard than  female  patients,  since  their  garments  are  fewer  and  simpler, 
but  they  are  more  annoyed  by  the  little  they  have  to  do  than  women 
are  by  their  vast  paraphernalia.  The  art  consists  in  loosening  and  pull- 
ing up  without  entirely  removing  the  under-clothing^  thus  avoiding 
trouble^  exposure  and  waste  of  time. 

Temperature  of  the  Electrodes  and  of  the  Operating  Room, — The 
question  is  often  raised  by  patients  whether  there  is  any  danger  of  tak- 
ing cold  after  an  application  of  electricity.  The  answer  is  clearly  in 
the  negative*  The  electricity,  as  such,  so  far  as  it  goes,  fortifies  the 
system  against  cold  ;  but,  by  careless  exposure  while  undressed  in  a 
cold  room,  it  is  possible  to  take  cold,  just  as  by  similar  exposure  when 
electricity  is  not  used.  It  is  also  possible  to  make  the  application 
quite  uncomfortable  hy  using  sponges  moistened  with  cold  instead  of 
tepid  water  Our  aim  should  be  to  have  the  temperature  of  the 
operating  and  dressing-room  a  little  higher  than  is  necessary  for  a  per- 
son fiilly  dressed  ;  to  moisten  the  sponges  or  electrode  covers  in  tepid 
or — in  very  cold  weather— in  hot  water;  and  when  the  feet  are  placed  on 
a  foot  plate  of  tin  or  copper,  to  have  a  warm  soapstone  beneath  the 
foot-plate  to  keep  it  always  comfortable. 

Time  of  day  for  the  Application.- — Applications  of  electricity  may  be 
given  with  advantage  at  all  hours  of  the  day  and  night.  In  our  experi- 
ence, and  probably  in  the  experience  of  all  electro-therapeutists,  the 
majority  of  the  applications  are  given  in  ordinary  business  hours,  in  the 
forenoon  and  afternoon.  We  have  never  been  able  to  see  that  anything 
was  gained  by  giving  any  particular  heed  to  the  hours  of  eating  ;  just 
before  meals,  and  just  after  them,  ordinary  electrical  treatment  may  be 
given  with  apparently  as  much  benefit  as  two  or  three  hours  from  a 
meal.  In  some  impressible  temperaments,  central  galvanisation  and 
general  faradization  temporarily  increase  appetite,  and  for  such  peisons 
an  application  might  ver}-  properly  be  given  a  little  before  meals.     For 
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those  who  suffer  fnin  dyspepsia,  a  seance  pretty  soon  after  dinner  might 
be  of  service  in  aiding  digestion,  but  we  cannot  say  that  we  have  seen 
tny  such  results. 

For  all  delicate,  hysterical,  sleepless  patients,  the  evening  is  an  excel* 
lent  time  to  receive  electricity.  The  powerful  sedative  effects  of  central 
and  general  electrization  are  in  this  class  of  patients  most  gratefully  re- 
alized a  little  bcfoi  w»  going  to  bed,  or  after  they  have  already  retired. 
For  these  reasons  we  have,  for  years,  been  accustomed  to  treat  some  of 
our  patients  in  the  evening,  before  or  shortly  after  retiring,  and,  were  it 
not  for  the  inconvenience,  we  should  do  it  more  frequently. 

Time  of  Applications. — The  time  of  an  ajipllcation  is  an  element  of 
the  dose  of  electricity  that  has  not  been  sufficiently  studied.  Electro- 
theraiJeu lists  have  fallen  into  the  conventional  and  routine  habit  of  using 
the  current  all  the  way  from  five  to  ten  or  fifteen  minutes  or  so,  at  a 
ntting,  without  sufficiently  investigating  the  question  whether  the  length 
of  the  application  ought  not  to  be  varied  with  studious  care,  in  each 
case,  and  varied  during  the  course  of  treatment. 

For  irritable,  sensitive  and  impressible  patients  this  law  certainly 
holds  ;  i^at  long  applications  with  mild  currents  are  better  than  short 
applications  with  strong  currents.  This  law,  which  is  the  outcome  of 
all  our  observations  in  the  department  of  electro-therapeutics,  applies  to 
an  modes  of  using  electricity. 

A  sudden  shock,  or  a  series  of  shocks  with  a  powerful  current,  may 
injure,  where  a  prolonged  application  with  a  gentle  current  may  work 
no  harm  and  much  good-  That  this  element  of  time  becomes  i  practi- 
cal difficulty  in  the  use  of  electricity  by  overworked  general  practitioners, 
must  be  admitted  :  but  if  it  be  a  scientific  fact — as  it  surely  is — that 
lime  is  required  to  gain  the  choicest  and  best  effects  of  electrical  treat- 
cnent,  then  we  must  recognize  and  accept  the  fact,  and  treat  our  patients 
accordingly,  and  expect  them  to  reward  us  for  out  labors  more  liberally 
than  for  a  mere  prescription  or  suggestion. 

>Ne.  insist  on  this  point,  because  we  feel  that  through  neglecting  it 
many  mistakes  have  been  made,  and  through  a  disposition  to  neglect  it 
there  is  danger  that  in  some  minds  electro-therapeutics  itself  may  fall 
into  disrepute.  While  many  patients  and  many  cases  do  well  under  five 
or  tei.  minutes  of  electrization,  very  many  others,  especially  after  they 
have  become  accustomed  to  it,  require  at  least  double  that  time. 

With  all  our  might,  we  should  avoid  the  error  of  supposing  that  the 
best  effects  of  electrical  treatment  will  succeed  by  short  applications 
V)th  strong  currents.  In  this  way  we  may  both  save  time  and  lose  our 
fatienta. 
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Economy  of  this  sort  may  prove  to  be  the  worst  of  extravag 

Frequency  of  the  Afplkaiions. — Ordinary  slimiilaniing  and  to 
cines  are  given  one,  tivo,  and  usually  three  times  a  day.  The 
electricity  cannot  usually  be  administered  so  frequently  withe 
more  evil  than  good.  It  seems  essential  to  the  electro-ther 
treatment,  whatever  the  mode  employed, — general  and  local 
tion,  central  and  local  galvanization,  and  even  electric  baths 
use  of  the  body  batteries, — that  there  should  \i^  a  considerable  ^ 
rest  between  the  applications. 

Electrization  sets  in  motion  forces  tli at  slowly  act  and  react  \ 
days  after  the  electrization  has  ceased.  The  time  required  I 
forces  to  operate  to  the  best  advantage  varies  with  individuaj 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  applic 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  1 
fits  of  the  previous  application  are  more  or  less  neutralized, 
patient  may  be  weakened  more  than  strengthened.  This  at  leas 
to  be  the  conclusion  that  long  experience  forces  upon  us. 
way  between  every  day  or  once  a  week  the  applications  can 
with  benefit  Three  or  four  rimes  a  week  is  about  as  often  as 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  t 
with  at  least  an  intei-val  of  a  day  or  two  between  sittings.  I 
tients  require  at  the  outset  of  a  course  of  treatment,  interyah 
or  four  days.  If  by  accident  or  intention,  strong  and  long  apj 
are  made,  unpleasant  reactive  eifects  may  follow  that  at  one 
the  necessity  of  waiting  for  a  day  or  two.  Many  a  lime  does  i 
to  us  to  visit  a  parient,  and,  on  learning  the  history  of  the  sy 
to  put  off  tne  application  twenty  four  or  forty-eight  hours. 

On  the  other  hand,  there  arc  those  who  can  take  full  applicatii 
day  for  a  month  in  succession,  and  in  some  cases,  as  it  appe. 
with  greater  benefit  than  would  be  derived  from  applications  gii 
other  day.  At  the  founding  of  the  Electro-Therapeurical  De 
of  Demilt  Dispensary,  we  received  patients  only  twice  a  week,  i 
results  were  obtained  under  that  system,  but  we  afterwards  foi 
sirable  to  add  another  day.  In  private  practice  we  make  the 
rions  more  frequently  than  at  first,  and  find  an  advantage  in  ; 
for  the  reason,  mainly,  that  we  use  milder  currents  than  form 
our  patients  can  bear  and  be  profited  by  more  frequent  sitting 

General  and  central  applications  require  longer  intervals  d 
and  peripheral  applications,  for  the  patent  reason  that  tfc 
powerfully  affect  the  whole  system,  and  are  more  frequently 
by  reictive  effects 
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In  rare  cases, — when  the  patient  has  but  a  short  time  to  remain  In  town 
orwbeo  an  intolerable  pain  is  to  be  relieved* — we  have  given  applica- 
tions twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day ;  time  is  as  neces- 
iur  as  the  electricity.  Long  standing  pathological  lesions  are  not  tc 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
protracted  siege. 

Rtgularity  of  the  Applications, — It  is  the  custom  with  some  elcctro- 

t]verapeutists  to   insist  on    regularity  in   the   da}'s  and  hours  of   the 

.  tppUcations,  and  there  are  those  who  believe  that   the   best   effects 

ifcUow  regular  and  methodical  treatment.     On  this  point  we  are  in  some 

doabt.     Patients  who  are  methodical   in   their  habits,  and   who  are 

regular  in  llieir  visits,  will  be  less  likely  to  omit  visits,  and  will  be 

more  likely  to  persevere,  and  consequently  will  be  more  profited  than 

those  who  omit  half  of  their  visits  and  abandon  treatment  before   it 

fuUy   tried-     There  is  no  evidence  that  regularity,  as  such,  is  any 

Dtage ;  although  there  is  strong  probability  that  for  some  constitu 

Edons»  and,  perhaps,  for  diseases  with  periodic  sympioms,  it  might  be 

rin   advantage    to  give  the   applications  at  the    same  hour   daily,   or 

crery  other  day,  as  the  case  may  be.     Our  own  custom  in  this  regard 

inries.     Practically  we  find   it  impossible   to  treat   all   patients   with 

^'Absolute  regiilarit) ,  and  in  those  cases  where  we  are  able  to  do  so  we  have 

Ijot,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications. — A  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applications 
irtth  mild  currents. 

In  certain  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic — to  run  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

>Vc  have  beconie  so  accustomed  to  the  use  of  short,  or  comparatively 

ihort  applications,  that  we  forget  that  the  cunent  if  sufficiently  gentle 

'  be  passed  through  the  body,  or  part  of  the  body  for  hours,  if  not 

ap  consecutively,  without  injury,   and  with  great  benefit,  provided 

tertain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  tc 

Lallow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in   one 

•pot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 

tA  the  skin,  that  may  be  some  time  in  healing.     In  order  to  avoid  ihii 

ttkerati'jn,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 

LfttMtt  time  to  time  the  posi  ton  of  the  electrodes,  so  that  ther  may  no! 

Itct  too  long  on  one  spot 
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Economy  of  this  sort  may  prove  to  be  the  worst  of  extravag 

Frequency  of  the  Applkatiofis, — Ordinary  stimulanting  and  to 
cines  are  given  one,  two,  and  usually  three  times  a  day.  The 
electricity  cannot  usually  be  administered  so  frequently  witho 
more  evil  than  good.  It  seems  essential  to  the  electro-ther 
treatment,  whatever  the  mode  employed, — general  and  local 
tion,  central  and  local  gal vaniii alio n,  and  even  electric  baths 
use  of  the  body  batteries, — that  there  should  h^  a  considerable  ^ 
rest  between  the  applications. 

Electrization  sets  in  motion  forces  that  slowly  act  and  react  I: 
days  after  the  electrization  has  ceased.  The  time  required  I 
forces  to  operate  to  the  best  advantage  varies  with  individual 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  appli( 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  1 
fits  of  the  previous  application  are  more  or  less  neutralized, 
patient  may  be  weakened  more  than  strengthened.  This  at  leas 
to  be  the  conclusion  that  long  experience  forces  upon  us. 
way  between  every  day  or  once  a  week  the  applications  can 
with  benefit  Three  or  four  times  a  week  is  about  as  often  as 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  t 
with  at  least  an  interval  of  a  day  or  two  between  sittings.  I 
tients  require  at  the  outset  of  a  course  of  treatment,  interyah 
or  four  days.  If  by  accident  or  intention,  strong  and  long  apt 
are  made,  unpleasant  reactive  effects  may  follow  that  at  one 
the  necessity  of  waiting  for  a  day  or  two.  Many  a  time  does  i 
to  us  to  visit  a  patient,  and,  on  learning  the  history  of  the  sy 
to  put  off  tne  application  twenty-four  or  forty-eight  hours. 

On  the  other  hand,  there  arc  those  who  can  take  full  applicati* 
day  for  a  month  in  succession,  and  in  some  cases,  as  it  appe; 
with  greater  benefit  than  would  be  derived  from  applications  gii 
other  day.  At  the  founding  of  the  Electro-Therapeutical  De 
of  Demilt  Dispensary,  we  received  patients  only  twice  a  week,  i 
results  were  obtained  under  that  system,  but  we  afterwards  foi 
fiirable  to  add  another  day.  In  private  practice  we  make  the 
tions  more  frequently  than  at  first,  and  find  an  advantage  in  ; 
for  the  reason,  mainly,  that  we  use  milder  currents  than  form 
our  patients  can  bear  and  be  profited  by  more  frequent  sitting 

General  and  central  applications  require  longer  intervals  tt 
and  peripheral  applications,  for  the  patent  reason  that  tin 
powerfully  affect  the  whole  system,  and  are  more  frequently 
by  reictive  effect* 
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In  rare  cases, — when  the  patient  has  but  a  short  time  to  remain  in  town 
or  when  an  intolerable  pain  is  to  be  relieved, — we  have  given  applicar 
tioas  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day;  time  is  as  neces- 
saiv  as  the  elecrricity.  Long  standing  pathological  lesions  are  not  tc 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
protracted  siege. 

Regularity  of  the  Applications. — It  is  the  custom  with  some  electro- 
therapeutists  to  insist  on  regularity  in  the  days  and  hours  of  the 
applications,  and  there  are  those  who  believe  that  the  best  effects 
follow  regular  and  methodical  treatment,  -  On  this  point  we  are  in  some 
doubL  Patients  who  are  methodical  in  their  habits,  and  who  are 
regular  in  tlicir  visits,  will  be  less  likely  to  omit  visits,  and  will  be 
more  Ukety  to  persevere,  and  conseqtiently  will  be  more  profited  than 
those  who  omit  half  of  their  visits  and  abandon  treatment  before  it 
is  fully  tried  There  is  no  evidence  that  regularity,  as  such,  is  any 
advantage ;  although  there  is  strong  probability  that  for  some  constitu 
tions,  and,  perhaps,  for  diseases  with  periodic  symptoms,  it  might  be 
an  advantage  to  give  the  applications  at  the  same  hour  daily,  or 
every  other  day,  as  the  case  may  be.  Our  own  custom  in  this  regard 
taries.  Practically  we  find  it  impossible  to  treat  all  patients  with 
absolute  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 
not,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications. — A  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applications 
with  mild  currents. 

In  certain  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic — to  nm  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

We  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
rijoft  applications,  that  we  forget  that  the  current  if  sufficiently  gentle 
may  be  i^sscd  through  the  body,  or  part  of  the  body  for  hours,  if  not 
days  consecutively,  without  ijijury,  and  with  great  benefit,  provided 
certain  cautions  arc  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  tc 
allow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
spot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
of  the  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  tJiis 
nlccmtion.  u  is  well  to  use  sponges  instead  of  melals,  and  to  change 
from  lime  to  time  the  |>osi  ion  of  the  electrodes,  so  that  the?  may  no! 
act  too  long  on  one  spot. 
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FREQUENCY  OF  THE  APPLICATIONS. 


Economy  of  this  sort  may  prove  to  be  the  worst  of  extravag 

Frequency  of  the  AppUcaiions, — Ordinary  sumiilanting  and  to 
cines  arc  given  one,  two,  and  usually  three  times  a  day.  The 
electricity  cannot  usually  be  administered  so  frequently  witha 
more  evil  than  good.  It  seems  essential  to  the  clectro-ther 
treatment,  whatever  the  mode  employed, — ^general  and  local 
tion,  central  and  local  galvanization,  and  even  electric  baths 
use  of  the  body  batteries, — that  there  should  hQ  a  considerable  } 
rest  between  the  applications. 

Electrisation  sets  in  motion  forces  that  slowly  act  and  react  t 
days  after  the  electrization  has  ceased.  The  time  required  i 
forces  to  operate  to  the  best  advantage  varies  with  individual 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  applic 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  1 
fits  of  the  previous  application  are  more  or  less  neutralized, 
patient  may  be  weakened  more  than  strengthened.  This  at  leas 
to  be  the  conclusion  that  long  experience  forces  upon  us. 
way  between  every  day  or  once  a  week  the  applications  can 
with  benefit  Three  or  four  times  a  week  is  about  as  often  as 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  t 
with  at  least  an  interval  of  a  day  or  two  between  sittings.  \ 
tients  require  at  the  outset  of  a  course  of  treatment,  intervals 
or  four  days.  If  by  accrdent  or  intention,  strong  and  long  ap| 
are  made,  unpleasant  reactive  effects  may  follow  that  at  one 
the  necessity  of  waiting  for  a  day  or  two.  Many  a  time  does  i 
to  us  to  visit  a  patient,  and,  on  learning  the  history  of  the  sy 
to  put  off  ttie  application  twenty  four  or  forty-eight  hours. 

On  the  other  hand,  tliere  are  those  who  can  take  full  applicatii 
day  for  a  month  in  succession,  and  in  some  cases,  as  it  appei 
with  greater  benefit  than  would  be  derived  from  applications  gii 
other  day.  At  the  founding  of  the  Electro-Therapeutical  De 
of  Demilt  Dispensary,  we  received  patients  only  twice  a  week,  \ 
results  were  obtained  under  that  system,  but  we  afterwards  foi 
sirable  to  add  another  day.  In  private  practice  we  make  the 
tions  more  frequently  than  at  first,  and  find  an  advantage  in  i 
for  the  reason,  mainly,  that  we  use  milder  currents  than  form 
our  patients  can  bear  and  be  profited  by  more  frequent  sitting 

General  and  central  applications  require  longer  intervals  tl: 
and  peripheral  applications,  for  the  patent  reason  that  th 
powerfully  affect  the  whole  system,  and  are  more  frequently 
by  rea  ctive  effects 
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In  rar«  cases, — when  the  patient  has  but  a  short  time  to  remain  in  town 
vrwIieD  an  intolerable  pain  is  to  be  relieved, — we  have  given  applica- 
tkmt  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Cittcmic  nervous  diseases  cannot  be  cured  in  a  day  ;  time  is  as  neces- 
ttiv  as  the  electricity.  Long  standing  pathological  lesions  are  not  to 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
protracted  siege. 

Regularity  of  the  Applications. — It  is  the  custom  with  some  electro- 
therapeutists  to  insist  on  regularity  in  the  days  and  hours  of  the 
applications,  and  there  are  those  who  believe  that  the  best  eflfects 
Ibtlow  regular  and  methodical  treatment.  On  this  point  we  are  in  some 
doubt.  Patients  who  are  methodical  in  their  habits,  and  who  are 
regxUar  in  their  visits,  will  be  less  likely  to  omit  visits,  and  will  be 
more  likely  to  persevere,  and  consequently  will  be  more  profited  than 
those  who  omit  half  of  their  visits  and  abandon  treatment  before  it 
is  folly  tried.  There  is  no  evidence  that  regularity,  as  sucli,  is  any 
advantage ;  although  there  is  strong  probability  that  for  some  constitu 
tions,  and,  perhaps,  for  diseases  with  periodic  symptoms,  it  n>ight  be 
an  advantage  to  give  the  applications  at  the  same  hour  daily,  or 
cv«y  other  day,  as  the  case  may  be.  Our  own  custom  in  this  regard 
Taiics.  Practically  we  find  it  impossible  to  treat  all  patients  with 
■bsolute  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 
Dot,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications, — A  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applications 
with  mild  currents. 

In  certain  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
aflow  the  current — galvanic  or  fiaradic — to  run  for  several  hours — all 
tlay  or  all  night— as  may  be  convenient. 

We  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
d)ort  applications,  that  we  forget  that  the  current  if  sufficiently  gentle 
BMy  be  {la&sed  through  the  body,  or  part  of  the  body  for  hours,  if  not 
dajl  consecutively,  without  injury,  and  with  great  benefit,  provided 
certain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  ic 
aBow  the  sj-Ksngcs,  or  metals,  or  cloths,  to  remain  too  long  in  one 
spot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
•f  the  Rkin,  that  may  be  some  time  in  healing.  In  order  to  avoid  this 
nlccratiun,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 
ftom  time  to  time  the  posi  ion  of  the  electrodes,  so  that  ther  may  nol 
let  too  long  on  one  spot. 
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FREQUENCY  OF  THE  APPLICATIONS. 


Economy  of  this  sort  may  prove  to  be  the  worst  of  extravag 

Frequency  of  the  Applications. — Ordinary  stimulanting  and  to 
cines  are  given  one,  two,  and  usually  three  times  a  day.  The 
electricity  cannot  usually  be  administered  so  frequently  withe 
more  evil  than  good.  It  seems  es.sential  to  the  electro-ther 
treatment,  whatever  the  mode  employed, — general  and  local 
tion,  central  and  local  galvanization,  and  even  electric  baths 
use  of  the  body  batteries, — that  there  should  be  a  considerable  j 
rest  between  the  applications. 

Electrization  sets  in  motion  forces  that  slowly  act  and  react  \ 
days  after  the  electrization  has  ceased.  The  time  required  1 
forces  to  operate  to  the  best  advantage  varies  with  individual 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  applic 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  I 
fits  of  the  previous  application  are  more  or  less  neutralized, 
patieni  may  be  weakened  more  than  strengthened.  This  at  leas 
to  be  the  conclusion  that  long  experience  forces  upon  us. 
way  between  every  day  or  once  a  week  the  applications  can 
with  benefit.  Three  or  four  times  a  week  is  about  as  often  as 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  t 
with  at  least  an  interval  of  a  day  or  two  between  sittings.  I 
tients  require  at  the  outset  of  a  course  of  treatment,  intervals 
or  four  days.  If  by  accident  or  intention,  strong  and  long  api 
are  made,  unpleasant  reactive  effects  may  follow  that  at  one 
the  necessity  of  waiting  for  a  day  or  two.  Many  a  time  does  i 
to  us  to  visit  a  patient,  and,  on  learning  the  history  of  the  sy 
10  put  off  the  application  twenty  four  or  forty-eight  hours. 

On  the  other  hand,  there  are  those  who  can  take  full  applicati* 
day  for  a  month  in  succession,  and  in  some  cases,  as  it  appe; 
with  greater  benefit  than  would  be  derived  from  applications  gi^ 
other  day.  At  the  founding  of  the  Electro-Therapeutical  De 
of  Deniilt  Dispensary,  we  received  patients  only  twice  a  week,  \ 
results  were  obtained  under  that  system,  but  we  afterwards  foti 
wrable  to  add  another  day.  In  private  practice  we  make  the 
tions  more  frequently  than  at  first,  and  find  an  advantage  in  i 
for  the  reason,  mainly,  that  we  use  milder  currents  than  form 
our  patients  can  bear  and  be  profited  by  more  frequent  sitting; 

General  and  central  applications  require  longer  intervals  tl: 
and  peripheral  applications,  for  the  patent  reason  that  th 
powerfully  affect  the  whole  system,  and  are  more  frequently 
by  rei  ctive  efiects 
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In  rare  cases, — when  the  patient  has  but  a  short  time  to  remain  in  town 

or  ¥ihen  an  intolerable  pain  is  lo  be  relieve<l, — we  have  given  applica 

tions  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 

onic  nervous  diseases  cannot  be  cured  in  a  day ;  time  is  as  neces- 

IVaiT  as  the  electricity.     Long  standing  pathological  lesions  are  not  to 

be  *:arried  by  assault,  however  bravely  conducted  j  they  yield  only  to  a 

ifjrotracted  siege. 

Regularity  of  the  Applications. — It  is  the  custom  with  some  electro ■ 

therapeutists   to   insist  on    regularity  in   the   days  and  hours  of   the 

plications,  and  there  are  those  who   believe  that   the   best   effects 

bUow  regular  and  methodical  treatment.  ■  On  this  point  we  are  in  some 

doubt.     Patients  who  are  methodical   in   their  habits,  and  who  are 

HTcgular  in  their  visits,  will  be  less  likely  to  omit  visits,  and  will  be 

:  likely  to  persevere,  and  consequently  will  be  more  profited  than 

who  omit  half  of  their  visits  and  abandon  treatment  before   it 

folly  tried.     There  is  no  evidence  that  regularity,  as  such,  is  any 

ntagc ;  although  there  is  strong  probability  that  for  some  constitu 

ns,  and,  perhaps,  for  diseases  with  periodic  symptoms,  it  might  be 

rmn    advantage    to  give  die   applications  at  the    same  hour  daily,   or 

every  other  day,  as  the  case  may  be.     Our  own  custom  in  this  regard 

taries-     Practically  we  find   it  impossible    to  treat   all   patients   with 

Imbsolute  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 

,  thus  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications. — A  method  of  using  electricity  that  has  been 

little  studied  by  the  profession   is  that  of  prolonged  applications 

with  mild  currents. 

In  certain  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic — to  run  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

\Vc  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
t  applications,  that  we  forget  that  the  current  if  sufficiently  gentle 
■  be  passed  through  the  body,  or  part  of  the  body  for  hours,  if  not 
consecutively,  without  injury,   and  with  great  benefit,  provided 
certain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  to 
allow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
spot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
of  the  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  this 
ulceration,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 
time  to  time  the  posi  ion  of  the  electrodes,  so  that  ther  may  not 
;  too  long  on  one  spot 
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In  rare  cases, — when  the  patient  has  but  a  short  time  to  remain  in  town 
or  when  an  intolerable  pain  is  to  be  relieved, — we  have  given  applicar 
ttons  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Chronic  nervous  diseases  cannot  be  cured  in  a  day ;  time  is  as  neces- 
saiv  as  the  electricity.  Long  standing  pathological  lesions  are  not  to 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
protracted  siege. 

Regularity  of  the  Applications, — It  is  the  custom  with  some  electro- 
therapeutists  to  insist  on  regularity  in  ihe  days  and  hours  of  the 
applications,  and  there  are  those  who  believe  that  the  best  effects 
follow  regular  and  methodical  treatment.  •  On  this  point  we  are  in  some 
doubt.  Patients  who  are  methodical  in  their  habits,  and  who  are 
regular  in  tlieir  visits,  will  be  less  likely  to  omit  visits,  and  will  be 
more  likely  to  persevere,  and  consequently  will  be  more  profited  than 
those  who  omit  half  of  their  visits  and  abandon  treatment  before  it 
is  fully  tried.  There  is  no  evidence  that  regularity,  as  such,  is  any 
advantage ;  although  there  is  strong  probability  that  for  some  constitu 
tions,  and,  perhaps,  for  diseases  with  periodic  symptoms,  it  might  be 
an  advantage  to  give  the  applications  at  the  same  hour  daily,  or 
every  other  day,  as  the  case  may  be.  Our  own  custom  in  this  regard 
varies.  Practically  we  find  it  impossible  to  treat  all  patients  with 
absolute  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 
not,  tlius  far,  been  able  to  see  any  special  therapeutic  advantage. 

Prolonged  Applications. — A  method  of  using  electricity  that  has  been 
too  little  studied  by  the  profession  is  that  of  prolonged  applications 
with  mild  currents. 

In  certain  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
allow  the  current — galvanic  or  faradic — to  run  for  several  hours — all 
day  or  all  night — as  may  be  convenient. 

We  have  become  so  accustomed  to  the  use  of  short,  or  comparatively 
jhort  applications,  that  we  forget  that  the  current  if  sufficiently  gentle 
may  be  passed  through  the  body,  or  part  of  the  body  for  hours,  if  not 
days  consecutively,  without  injury,  and  with  gre.it  benefit,  provided 
certain  cautions  are  observed. 

When  the  galvanic  current  is  thus  used,  care  must  be  taken  not  tc 
allow  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
5pot,  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
of  the  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  this 
ulceration,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 
from  time  to  time  the  posi  ion  of  the  electrodes,  so  that  the?  may  nol 
act  too  long  on  one  spot. 
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COMBINATION  OF  METHODS  OF  APPLICATION. 


The  details  of  this  method  of  using  electricity  must  be  varied  w  itk 
each  case  and  the  circumstances  of  the  patient 

Intervals  between  the  Courses  of  Treatment.— \l'\%  sometimes  of  service 
to  suspend  a  course  of  treatment  after  it  has  been  going  on  a  number 
of  weeks,  and  to  allow  an  interval  of  one  kx  more  weeks,  according  to 
circumstances.  It  is  sometimes  observed  that  patients  improve  as 
much  during  the  interval  as  during  the  treatment,  and  when  the  appli- 
cations are  renewed,  they  have  greater  force  than  at  the  close  of 
the  course  of  treatment.  It  is  true  of  electricity,  as  of  almost  every 
other  stimulant,  tonic,  sedative  remedy,  that  after  receiving  it  a  certain 
time  the  system  becomes  so  accustomed  to  it  as  to  tolerate  it,  and 
then  its  full  force  is  not  appreciated.  In  cases  where  this  toleration  of 
electricity  is  observed,  when  the  improvement  halts,  so  to  speak,  a 
brief  suspension  of  treatment  may  be  indicated,  and  on  renewing  it, 
all  the  benefit  at  first  realized  may  be  repeated. 

On  the  other  hand,  there  are  patients  who  seem  to  prosper  best  under 
«teady,  uninterrupted  treatment. 

Combination  of  Methods  of  Amplication. — Comparatively  few  diseases 
are  to  be  treated  solely  by  any  one  method  of  application ;  many  of  the 
purely  local  affections  ever  )"ield  better  to  electrical  procedure,  when 
the  applications  are  varied,  than  when  one  mode  only  is  persistently 
used.  Both  currents,  galvanic  and  faradic,  may  be  tried  in  alternation 
or  succession,  and  both  the  direct  and  indirect  methods  may  be  em- 
ployed at  the  same  sitting  or  at  different  sittings.  In  all  diseases  where 
the  whole  system  is  involved,  the  method  of  application  may  be  yet 
more  varied.  General  faradization  and  central  galvanization  may  be 
u.sed  alternately,  and  the  alternation  may  be  by  the  day  or  week. 
These  methods  may  be  varied  with  galvanization  o^  the  brain  in  all 
directions,  galvanization  of  tli-  pneumogastric  and  sympathetic  and  of 
the  spine.  In  some  diseases,  as  notably  in  those  where  central  le- 
sions are  acconipanted  by  peripheral  injury  and  general  exhaustion,  as 
hemiplegia,  ataxia,  and  so  forth,  all  the  metliods  of  apiilication  may 
be  used,  including  faradization  with  the  wire  brush.  We  observe  not 
unfrequently  that  after  one  method  of  electrization  has  done  all  that 
it  is  capable  of  doing,  after  it  seems  to  have  lost  its  power,  another 
method  of  electrization,  or  a  mere  modification  of  a  method,  may  push 
the  improvement  yet  further,  until  it  in  time  loses  its  force  and  the  fresh 
Himulus  of  another  method  is  required- 

In  this  respect  the  behavior  of  electricity  is  in  no  way  peculiar ;  to 
ill  powerful  remedies  the  system  in  lime  becomes  so  accustomed,  as  to 
tolerate  them  without  appreciating  their  remedial  influence.     In  tlie 
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adniinistratior.  of  tonics  in  cases  of  debility,  and  of  astringents  in  cases 
of  chronic  diarrhoea,  a  necessity  for  frequent  change  of  reraedy  is 
generally  recognized. 

How  to  judge  of  the  Effects  of  Electrical  Treatment, — It  is  of  the  first 
importance  for  the  electro-therapeutist  to  have  a  clear,  just  and  sys 
tematic  method  of  determining  the  effects* of  electricity,  both  good  and 
evil.  Much  of  the  difference  of  opinion  that  prevails  among  those 
who  ase  electricity,  as  to  its  general  and  special  value,  and  much  of  the 
prejudice  that  exists  against  electro-therapeutics  is  the  result  of  a  want 
of  a  knowledge  of  the  tests  by  which  the  action  of  electricity  on  patients 
is  to  be  determined. 

When  we  give  opium,  we  know  very  soon  whether  it  relieves  pain 
and  produces  sleep,  or,  a.s  not  unfrequently  happens,  has  effects  pre- 
cisely opiK)site.  We  learn  to  judge  without  great  difficulty  whether  the 
chloral  and  quinine  are  doing  the  work  that  we  desire.  With  stimulants 
and  tonics,  as  used  in  the  chronic  affections,  greater  difficulty  is  ex- 
perienced, but  there  are  certain  tests  which  we  study  and  look  for  and 
by  which  we  are  guided.  The  effects  of  electricity  should  be  similarly 
studied 

The  good  effects  of  electrization  are  in  general  as  follows  ; 

1.  Relief  of  Pain  ami  Disagreeable  Sensations  local  and  general.-^ 
This  relief  may  appear  shortly  after  the  application  is  commenced, 
after  it  has  been  continued  for  some  minutes,  or  at  its  close.  In  some 
cases  there  is  no  relief  during  or  immediately  after  the  sitting,  but 
several  hours  subsequently.  We  include  painful  sensations  of  every 
kind — the  vague  wandering  pains  of  neurasthenia  and  hysteria,  the 
hurning  of  inflammation  as  well  as  real  neuralgia. 

2.  Improvement  in  the  Pulse. — Where  the  pulse  is  abnormally  slow 
it  may  be  quickened  both  during  and  for  some  time  after  the  sitting. 
Where  it  is  abnormally  rapid  it  may  be  lowered.  The  pulse,  there- 
fore, may  be  a  guide  in  the  administration  of  electricity,  as  it  is  a  guide 
in  the  administration  of  alcohol  and  various  other  forms  of  stimulants 
and  tonics.  If  the  quiet  pulse  is  made  much  quicker  and  so  remains 
for  some  rime,  we  may  suspect  that  the  application  has  been  too 
strong  or  too  long. 

3.  Improvement  in  the  Temperature  of  the  Body^  or  of  the  part  which  is 
treated, — Parts  that  are  abnormally  warm  are  cooled,  or  as  is  more  fre- 
quently the  case,  parts  that  are  abnormally  cold  are  warmed,  during  and 
lubsequent  to  the  operation.  The  lemperattire  may  be  tested  by  the 
iensations  of  the  patient,  by  the  touch  of  the  operator,  or  bj  the  ther 
mometer. 
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4.  General  calming  Injluenee  and  Disposition  to  Sleep. — Nervousness 
it  Allayed,  juit  alter  taking  vine,  or  food,  or  a  bath,  or  a  drive  by  the 
•et.  The  dispoadoD  to  sleep  comes  on  usually  after  the  appllcalion, 
in  rare  cases  daring  the  sittiag,  especially  when  the  head  or  neck  is 
falvaoixed. 

5.  Mmial  ExMUaraium. — The  effect  of  sea-bailiing,  or  the  inhalation 
of  oxygcHf  is  to  exhilarate  in  a  way  that  defies  minute  analysis.  The 
effect  o(  electmation  is  similar.  This  effect  is  seen  more  strikingly 
in  hysteria  and  hypochimdriasis. 

6w  Imertase  of  Appetite  and  Improvement  in  Digestion. — In  some 
iMtanccs  the  appetite  is  sharpened  by  a  single  sitting ;  the  permanent 
hHHOftmcot  is,  of  coarse,  a  slower  effect,  and  is  only  observed  after  a 
inimber  of  appticatioos. 

7  la^rtrfwumt  in  Local  and  General  Nuirition. — To  accomplish 
tB|ifnniiMWH  in  ootritioa  is  the  great  object  of  electrical  treat- 
NMftt.  TW  fdier  of  psin  and  of  other  special  symptoms,  during 
A  aiiciii(^  may  Josdr  be  regarded  as  results  and  accompaniments  of 
lto|Mi««HMaft  01  ■■nilion.  At  a  later  stage  of  a  course  of  treatment, 
IIm  iMIplWtMeat  VI  BOtlition  may  be  seen  and  studied  by  the  senses. 
ImptwrfUl  m  local  nutrition  is  produced  by  local  electrization,  im- 
|WOvtiiM«t  in  fcnoml  nutrition  is  produced  by  general  or  central  elec- 
triliali<M»i>  ^effipheinl  local  electrization,  may,  however,  reflexly  pro- 
duce improvvmetit  in  general  nutrition,  particularly  when  prominent 
organs*  as  the  uterus  the  stomach,  and  liver,  are  treated 

'1"1jc  evil  effects  of  clectriaation.  by  the  occurrence  of  which  we  may 
suspect  that  the  applicatiotis  are  too  strong  or  too  long,  or  improperly 
given,  or  that  wrong  mediods  are  used,  or  that  the  temperament  and 
disease  of  the  patient  contra-indicate  electricity,  are,  in  general,  as 
foHows : 

I.  He^ubuht  mut  Bmk^tke. — Sudden  shocks,  or  interruptions  of  the 
cnnent,  may  cause  momentar)'  headache  that  passes  away  as  quickly 
as  it  came.  When  the  headache  persists  for  a  considerable  timev  one 
may  know  that  there  has  been  somewhere  a  mistake  m  the  appficar 
tkm.     Backache  follows  as  a  rule  only  general  or  central  treatmenL 

2-  IrritaHlitjt  mnd  Insomnia. — Patients  may  feel  nervous,  irritable, 
and  indefinably  ^sagreeable  after  an  application,  and  the  sleep  the 
CoDowing  n%ht  may  be  less  sound  and  more  disturbed  by  dreams  than 
•mal.     These  are  evil  effects,  and  are  to  be  guarded  against. 

X.  Gtn^al  Malaue.—Thi%  symptom,  which  is  the  rerene  of  the 
cnibrati  JR  spoken  of  among  the  good  efecis,  appears  not  1 
iAcr  an  orer-doae,  especially  of  general  fatadiiation.     It 


tfMtogh  less  frequently,  follows  central  galvani/.ation,  and  there  is  no 
form  of  local  electrization,  central  or  peripheral,  that  oiay  not  in  some 
jcmperaments  and  conditions  give  rise  to  it. 

4.  Mxcttaiion  or  Pain^  or  Increase  of  Pain  already  existing. — 
Neuralgia  is  sometimes  increased  on  the  application  of  the  current,  and 
particularly  when  the  currents  are  strong  and  interruptions  are  made« 
A  harsh  and  rough  faradic  current,  even  when  mild,  may  aggravate 
pain.  Sotnetinies  there  is  no  effect  during  or  immediately  following 
the  seance ;  but  in  the  course  of  a  few  hours,  the  pain  is  excited  ot 
aiggravated. 

Similarly  the  pains  that  accompany  malignant  tumors  may  be  excited 
-vrben  electricity  is  applied  during  an  interval,  or  they  may  be  increased 
if  treated  during  the  paroxysm. 

5*  Cher  Excited  Pulse. — The  pulse  may  indicate  whether  the  appli- 
cation has  done  good  or  harm,  with  some  considerable  certainty,  pro- 
vided the  operator  is  sufficiently  familiar  with  the  norma!  pulse  of  the 
patient.  This  familiarity  can  only  come  from  previous  acquaintance. 
A  stranger,  seeing  a  patient  for  the  first  time,  and  treating  him  by 
electricity,  is  quite  likely  to  be  deceived.  The  pulse  may  be  over-excited 
by  the  mere  coming  in  of  a  new  physician,  or  by  the  thought  or  dread 
of  electricity'.  Thus  the  value  of  the  pulse  as  a  means  of  detennining 
the  degree  of  die  ill  effects  of  an  application  is  much  diminished.  As  a 
test  of  the  good  effects  of  electricity,  it  is  much  more  worthy  of  trust 

6,  Chilliness  and  other  Nervous  Sensations. — An  application  which  has 
|>ecn  made  injudiciously  may  be  followed  almost  immcdiatly  by  a  feeling 
of  chilliness,  as  though  the  patient  had  taken  cold.  There  may  be  also 
a  stiffness  of  the  neck,  and  pain  on  turning  the  back,  as  though  the 
patient  were  rheumatic,  and  heat  and  burning  in  the  spine,  and  crawling, 
creeping,  pricking,  stinging,  sensations  in  the  face,  down  the  back,  and 
on  the  limbs  and  other  parts  of  the  body. 

These  sensations  are  not  due  to  a  cold,  as  is  sometimes  supposed, — 
fijr,  except  through  gross  carelessness,  patients  do  not  take  cold  during 
an  ipplication  of  electricity, — but  they  are  merely  nervous  sensations,  of 
an  hysterical  character,  precisely  like  the  symptoms  described  under 
land  allied  affections,  and  are  due  to  over-irritation  of  the  spinal 
,and  perhaps  also  of  the  sympathetic  They  more  frequently  follow 
tiiation  than  galvanisation,  especially  when  a  hard,  rough,  unpleasant 
ot  is  used  They  appear  only  in  the  exhausted  and  neurasthc- 
»nd  most  frequently  in  wumen. 

.  A  fteFtng  of  Soreness,  S/ijfnesSy  and  a  dull  Aching. — These  i»ensa> 
»  ate  cluiiely  allied  to  iliose  described  in  tlie  preceding  paragraph  ;— 
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they  aic  the  result  of  over  irritation  of  the  nerve-centre  ;  the  soreseai 
that  is  felt  in  the  muscles  after  severe  Caxadization  is  somewhat  like  thai 
which  is  experieoced  after  violent  exercise  in  the  fffwuaaaBm,  oo  skmtef 
or  on  horseback. 

The  dull,  aching  pain  through  the  whole  body  is  like  die  sensatioo 
that  is  experienced  after  taking  cold.  It  is  a  purely  nervous  sensation 
AS  I  is  caused  by  over-irritation  of  the  spinal  cord.  One  patient  whom  we 
treated  for  an  exhausted  and  irritable  condition  of  the  cord,  resulting 
from  cerebro-spinal  fever,  persisted  that  every  application  caused  hiro 
to  *'  take  cold." 

8.  Profusf  Perspiraiion. — Gentle  perspiration  is  one  of  the  good  eflfects 
of  electrization  ;  it  is  observed  both  after  general  and  local  treatment 
But  profuse  perspiration  of  any  part,  as  the  head,  or  one  oX  the  limbs, 
or  of  one  side  of  the  body,  or  of  the  whole  body,  occurring  daring  a 
s^ncc,  or  directly  following  it,  is  a  bad  symptom,  and  indicates  over- 
irritation.  In  some  hyper-sensitive  conditions  profuse  perspiration 
may  appear  under  a  very  mild  current,  and  at  the  outset  of  the  appli- 
cation. We  have  known  a  paralyzed  arm  in  hemiplegia  break  out  wi± 
abundant  perspiration.  In  cases  of  cerebral  and  spinal  irritation  we 
have  known  the  forehead  and  the  hands  to  perspire  freely  during 
the  application.  Some  constitutions  are  specially  impressible  in  this 
regard  We  once  treated  a  case  of  paralysis  of  the  bladder  by  external 
galvanization  ;  the  patient  was  of  the  average  strength  and  health,  but  in, 
less  than  five  minutes  his  whole  body  was  as  freely  perspiring  as  in  the 
hotest  summer  day.  Natisea  and  faintness  also  came  on  and  stopped 
the  application. 

9.  Prolan ^(d  Reaet'wn  of  the  Nerves  of  Special  Sense. — In  the  section 
devoted  to  Electro- Physiology,  we  have  seen  that  the  nerves  of  spccia. 
sense,  the  auditory,  the  olfactory,  the  ophthalmic  and  the  gustatory 
nerves,  all  have  their  si)€cial  and  peculiar  reactions  to  electricity. 
These  reactions  are  normal  and  physiological,  but  in  degree  and  variety 
they  are  greatly  influenced  by  temperament.  These  reactions  are,  on 
the  part  of  the  auditory  nerve,  hissing,  rushing,  boiling,  seething  sounds  ; 
on  the  part  of  the  ophthalmic  nerve  and  retina,  flashes  of  light ;  on  the  part 
of  the  olfactory  nerve,  under  a  powerful  and  painful  current,  peculiar 
phosphoric  or  ozonic  odor ;  on  the  part  of  the  gustatory  nerve,  an  acid 
or  coppery  taste.  For  the  great  majority  of  temperaments  in  health  or 
disease,  these  reactions  disappear  with  the  cessation  of  the  application  ; 
but  where  there  is  special  susceptibility  to  the  electricity,  or  when  very 
severe  or  prolonged  applications  have  been  made,  some  of  these  reactions 
may  continue  for  hours  or  days.     Thus  we    have  known   patients  to 
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complain  of  the  peculi; 


three  days  after  ) 


taste  in  the  mouth  tw( 
application.  The  buzzing  in  tlie  ears  also  does  not  always  stop  wheo 
the  current  is  opened,  prolonged  flashes  before  the  eyes  are  sometimes 
noticed,  though  but  rarely.  Prolonged  reaction  of  the  olfactory  nerve 
wc  have  never  observed. 

We  call  these  prolonged  reactions  evil  effects,  because  they  appear 
in  very  susceptible  patients,  or  after  careless  procedures,  and  are  usu- 
ally accompanied  by  other  effects  that  are  unmistakably  eviL 

Disturbances  of  the  Neri'es  of  Motion  and  Common  Sensation.— Vndei 
this  head  we  include  hyijeraesthesia,  general  or  local,  that  an  overdose  of 
electrization  sometimes  produces  in  nervous  and  hysterical  patients,  or 
the  opposite  condition  of  anaesthesia  and  muscular  spasms,  contractions 
and  rigidity.  These  phenomena  are  not  frequent,  but  in  rare  instances 
they  have  been  observed ;  muscular  spasm,  where  it  already  exists,  may 
be  aggravated  temporarily  by  electricity. 

hygiene  of  Paiients  after  the  Applications.  — "^zXicxiX.^  who  are  strong, 
and  are  treated  for  purely  local  troubles,  may  be  entirely  indifferent  ia 
regard  to  their  behavior  after  electrical  applications  ;  they  may  exerciw* 
brain  or  muscle,  or  remain  idle,  as  may  be  convenient,  and  the  improve- 
ment under  the  treatment  will  go  on  just  the  same.  But  delicate 
patients  who  are  treated  for  grave  conditions  of  debility,  and  especially 
females,  do  better  to  avoid  exertion  after  an  application  :  better  for  them 
to  sit  awhile,  or  rest  on  a  lounge,  and  if  they  are  treated  in  bed  to 
remain  there  ;  and  this,  we  believe,  is  another  advantage  in  treating  such 
cases  just  after  retiring. 

If  any  fancy  they  take  cold  as  a  result  of  an  application,  it  is  a  pure 
fancy,  or  it  is  the  nervous  chill  that  sometimes  follows  over-electrization, 
or  it  is  the  result  of  exposure  in  a  cold  room  while  undressing. 

Cumulative  action  of  Electricity. — It  sometimes  happens  ia  the  treat- 
ment of  a  painful  and  tender  nerve,  that  a  sudden  shock  is  felt,  after 
the  electrodes  have  been  a  long  time  in  position,  even  when  the  current 
is  very  mild  and  is  scarcely  felt  on  the  surface. 

A  medical  friend,  who  by  our  suggestion  treated  a  case  of  ulcer  of 
the  stomach  by  the  galvanic  current,  informed  us  that  a  very  mild 
current  from  a  few  zinc  carbon  cells,  which  gave  no  burning  sensation 
on  the  surface  whatever,  would,  after  the  electrodes  had  been  kept  in 
position  a  few  minutes,  one  on  the  epigastric,  and  the  other  on  the 
back,  cause  all  of  a  sudden  and  without  any  warning  a  painful  shock, 
M  though  a  strong  current  had  been  suddenly  interrupted  in  the 
■>elallic  part  of  the  circuit.  This  phenomenon  occurred  so  often  thai 
he  abandoned  the  treatment. 


THE  TEMPERAMENT  TO  BE  COKSIDS&ED. 


We  hare  orrawwallyiiiade  the  same  ofasenalkn  an  odker|als  of  I 
body.  Thus,  macase  of  scuticatliatwe  wcfetrealiDf  bf  diegalvaiMe' 
carrtnt — ooe  pole  on  the  coarse  of  die  nenre  beknr  the  trochanter, 
and  the  otber  oo  the  bock— oalf  a  rcrj  sBfpi  fsmmtltm  wis  Idt 
two  or  three  miaates*  when  aB  at  ooce  the  patient  pa^  ai  jsaip 
dvoDgfa  shocked  bj  a  powerful  coxrenL  A  munber  of  times  during  the 
seance  the  experunent  W3s  repeated.  Eresy  pains  was  taken  to  airoid 
error  by  assnnng  ooiseives  that  the  current  was  actual^  nmihig  all  the 
time,  and  that  there  was  no  actual  intemipckMi. 

This  camolative  action,  if  we  may  call  it  snch — wouki  seem  to  be 
wmcwbat  analogous  to  the  camolative  actvm  of  strycbwiie  axid  some 
other  remedies.  The  rationale  of  it  is  in  the  present  state  <^  our 
knowledge  hard  to  determine.  It  may  be  that  as  the  skin  becomes 
more  and  more  moistened,  its  cocdactrrity  so  increases  that  a  portion 
of  the  nerve  b  traversed  by  the  current  which  at  nrst  was  not  touc 
and  Aat  this  physical  explanation  is  soffioent  It  may  be  that 
nerve,  already  in  an  irritable  cxioditBon,  may  have  its  irritabOity  so 
gready  iocreasedi  that  it  devekjps  it  soddenly  under  continued  tfaooglbu 
mud  stmwilatinn  We  hare^  as  jct^  no  cndeooe  diat  sodi  shnrks 
specially  harmful,  although  they  arc  unpleasant  and  startling.  They 
can  be  avoided  as  a  rule  by  shifking  the  electrodes  every  naomen^  so 
as  to  avoid  a  long  irriution  of  any  one  spot 

Increased  Taleratum  of  Electricity, — The  system  can 
liabitnated  to  electricity  just  as  it  becomes  habitnated  to  alcohol,  or^ 
<^tam,  or  any  other  potent  remedy.  After  a  ki^  course  of  treat- 
ment, extending  over  several  nxondis^  nearly  all  patients  bear  very 
much  longer  and  stronger  applications  than  at  firsL  This  b  observed 
in  those  whose  sensitiveness  to  electricity  b  at  first  extreme.  It  b 
not  therefore  necessarily  a  discouraging  &ct  if  at  the  oatset  of  a 
course  of  treatment  very  gende  cnrrents  and  very  diort  sittings 
required. 

The  Temperaimemt^  as  well  as  tkt  Disease^  la  he  cansidirtd  in  msimg_ 
Electricity. — There  are  huKvidoab  whooi  electricity  always  injures^  i 
only  difference  in  the  effect  on  them  between  a  niild  and  a  severe 
application  being,  that  the  former  injures  less  than  the  latter.  There 
are  patients  upon  whom  all  electro-therapeutical  skin  and  experience 
are  wasted ;  their  temperaments  are  not  en  fo^p^i  with  electricity. 

It  matters  not  what  may  be  the  special  disease  or  symptoms  of 
^aease  from  which  they  suffer — paralysis,  or  neara%ia,  or  nettrastheiua, 
or  hysteria,  or  affectiotts  of  special  organs — the  iramecfiate  and  the  pei^ 
manent  effects  of  galvaniaation  or  faradizatioa,  general  or  localizo^ 
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■re  cvH  and  only  evil.  We  have  not  arrived  at  ihis  opinion  by  theorizing ; 
we  have  been  driven  to  it  by  the  accumulating  and  incsistible  logic 
of  (acts.  The  first  query  that  arises,  in  the  mind  of  the  electro-thera- 
peutist, when  a  case  under  his  care  responds  badly,  is,  •*  Am  I  rightly 
using  this  remedy  ;  am  I  making  the  application  too  long  or  too 
severe,  or  by  improper  methods  ?  Would  a  change  of  oirrent  be  de- 
iirable?"  But  after  we  have  tried  all  electrical  applications  ;  after  we 
have  gone  from  galvanism  to  faradism,  from  general  to  localized  elec- 
tiiza-rion,  from  long  and  severe  to  short  and  gentle  treatments ;  after  we 
have  rung  the  changes  on  all  these,  and  yet  persistently  aggravate 
rather  than  mollify  the  disease,  and  instead  of  strength  and  relief,  pro- 
duce weakness  and  distress,  and  instead  of  calmness  cause  irritation, — 
then  we  have  only  to  make  as  graceful  a  retreat  as  possible^  and  put 
that  patient  down  as  a  case  that  was  not  bom  to  be  treated  by  elec- 
tricity. We  have  no  explanation  to  offer  of  the  phenomenon  ;  and  the 
popular  belief  or  supposition,  that  the  excess  or  deficiency  of  animal 
electricity  has  something  to  do  with  these  matters,  is  as  undemonstrable 
as  it  is  plausible ;  he  who  should  attempt  to  prove  or  disprove  it  would 
find  he  had  undertaken  anything  but  an  easy  task.  It  would  seem  to 
come  in  the  list  of  those  strange  but  familiar  likes  and  dislikes  in  regard 
lo  certain  articles  of  food  or  drink,  or  of  certain  sights  or  odors.  We 
know  of  no  physiognomical  or  rather  external  appearances  by  which 
to  determine  whether  a  patient  does  or  does  not  belong  to  the  unfor- 
tunate few  who  can  have  no  lot  or  share  in  electro-therapeutics.  The 
strongest  equally  with  the  weakest,  the  plethoric  and  the  enervated, 
are  found  among  these  Gentiles  of  science. 

The  reverse  proposition,  that  there  are  certain  constitutions  for 
which,  by  whatever  form  of  ciironic  disease  they  may  be  afflicted,  elec- 
tricity is  always  indicated,  is  equally  tnie.  There  are  patients  who 
find  in  electrical  treatment  almost  a  specific.  Whether  they  suffer  from 
dyspepsia  or  neurasthenia,  from  hysteria  or  diseases  of  special  organs, 
rheumatism  or  neuralgia,  electrization  always  relieves  them  up  to  a 
certain  point,  at  least,  if  it  does  not  positively  cure.  T/u  broad  fact  to 
t<  understood  is,  rhat  it  is  not  so  muck  the  disease  or  the  symptoms^  as 
th^  temperament  thai  indicates  or  contraindicates  electrisation. 

V\*hile  some  chronic  diseases  are  more  amenable  to  electricity  than 
others,  among  all  patients  there  are  individuals  to  whom  it  is  a  matter 
of  indifference  what  special  affection  they  may  suffer  from  ;  so  long  as 
improvement  in  local  and  general  nutririon  is  indicated,  they  will  be 
benefited  by  electrical  treatment. 

To  all  this  it  should  be  added  that  some  persons  are  indiffereni  la 
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We  are  ■uiatJto  bdfevealso  that  patients  vary  in 
Miar  naufiOiBij  t0  datritit^  M  J^€naiiime$  ^  i^t.  Sosccpdlnlity 
IB  fDnnluto  sb4  wkob/ok^  oftcBl^Bes  ■■dBOBBcs  stBooe  —tffdifrnnv^n* 
dmiag  tbe  fifednc  of  ao  irfnAiri  "nose  viio  at  one  tuoe  cannot 
^iak  caAiee»  wiatiii  \  find  that  a  lev  ycacs  so  aodUy  the  tempera- 
meet  that  thejcan  dnak  it  wttb  ■fiiinlati'  Ocmdoui,  and  viee  vtrsA. 
Simflariy,  ako^  almlwiir  fiqnors  act  m  a  most  cafjiicioas  vay,  some- 
tioBes  bcucfitio^  at  other  baies  iafuii^  even  aifcen  neariy  all  tbe  other 
cooditioQS  except  ^e  are  tbe  sanK.  Iifioqracxxsies  in  r^ard  to  cer- 
tain aitkies  oi  food  are  by  no  means  constant  tbrooi^  Kfe — ^tbe)-  may 
chax^  either  vay,  and  that  too  in  ^  coarse  of  a  few  years ;  they 
may  be  moifioed  by  febrile  or  other  ditfasrs  that  revolnlionize  the 
afstena,  or  by  residetKe  in  varkms  rtiaMfTf^,  or  by  mere  b{)6e  of  years. 
Aaalogr  voold  lead  as  lo  snppoae  diat  sasoepdbOity  to  electridtj  might 
abo  be  thus  nwkltfird,  and  oar  obserratioBS  seem  xo  conTinoe  as  diat 
soch  is  the  case. 

We  axe  fiirther  incfined  to  befieve  that  sosoeptibility  to  electricity, 
favorable  and  nn&roiable,  like  all  other  constitutioaal  tendencies,  is 
subject  to  the  lavs  of  hereditary  descent,  and  runs  in  families.  We 
have  Ueated  by  electricity  three  members  of  the  family  of  a  physician, 
who  are  a£9icted  with  quite  diverse  maladies^  but  all  of  whom  not  only 
improved  under  the  treatment,  but  can  be  electrized  with  great  freedom 
by  either  current ;  and  yet  none  of  them  are  strong,  and  two  of  them 
ore  delicate. 

On  the  other  hand,  we  have  treated  families  where  several  of  the 
members  are  so  susceptible  to  the  electric  current  that  the  application 
must  be  made  with  great  care  lest  unpleasant  results  occur.  We  are  fuUv 
convinced  also  that  the  proportion  of  those  who  do  not  bear  electricity 
well  is  larger  among  tie  higher  than  among  the  lower  classes;  in 
hospital  and  dispensary  practice,  the  number  of  parients  who  exhibit 
excessive  susceptibility  to  the  electric  treatment  is  quite  limited^  whereas 
in  private  practice,  among  the  intellectual  classes,  one  out  of  five  oil 
ten,  lake  the  cases  as  they  run,  must  be  treated  with  very  considerable  ' 
caution,  lest  disagreeable  symptoms  arise. 

Relation  of  Electf  't-susuptivity  to  Prognosis.  —Between  electro-suscep 
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tivity  and  prognosis  there  would  appear  to  be  no  constant  relaticn.  One 
patient  may  be  extremely  susceptible  to  electricity,  and  anothe:  capable 
of  bearing  it  in  large  doses,  and  both  shall  be  benefited.  If  there  be 
iny  law  in  the  matter  it  is  this^  that  those  who  occupy  the  medium 
ground,  who  are  neither  specially  sensitive  nor  the  reverse — offer  tht 
best  prognosis  under  electrical  treatment.  It  is  equally  sure,  however, 
that  those  who  arc  exceedingly  sensitive  may  become  so  tolerant  of 
the  remedy  as  to  derive  great  benefit  from  it.  For  this  reason  we 
should  not  be  discouraged,  even  by  extreme  electro-sensibility  or 
electro  susceptibility  in  our  patients. 

The  most  provoking  class  are  those  who  cannot  be  influenced  in  any 
way  by  electricity,  but  who  can  even  from  the  very  first  receive  it 
in  enormous  doses  without  showing  or  feeling  any  good  or  evil  effect^ 
and  yet  even  such  cases  may  by  protracted  treatment  be  benefited. 

Regard  for  Age. — In  the  apportioning  of  the  dose  of  electricity  the 
only  general  rule  to  be  considered  is,  that  the  extremes  of  life — the 
very  young  and  the  very  old — demand  rather  more  caution  than  those 
in  youth  and  middle  life.  It  is  not  however  necessary  to  divide  the 
.loses  of  electricity  for  infants  and  children,  as  we  divide  the  doses  of 
ordinary  medicines ;  children  from  three  years  down  to  three  months 
and  even  younger  may  be  treated  by  general  faradization  and  central 
gaU-anization  almost  as  freely  as  adults.  On  theoretical  considerations, 
and  in  order  to  be  on  the  safe  side,  we  do  not  usually  treat  very  young 
children  as  long,  or  with  as  strong  currents  as  adults,  nor  quite  so 
frequently,  but  we  have  not  often  seem  any  especially  bad  results  from 
<]uite  prolonged  applications,  provided  mild  currents  are  used.  The 
rule  is  to  give  the  average  baby  about  half  as  much  treatment  as  the 
■average  adult.  Children  cry  when  the  current  hurts  them,  and  iliis  to 
ihe  merciful  physician  operates  as  a  check  against  over-dosing  them. 

Very  old  patients  —  between  seventy  and  ninety — need  to.  be 
treated  with  reasonable,  but  not  extreme  caution.  The  moderately 
aged — between  fifty  and  seventy — often  bear  electricity  better  than 
those  in  the  more  active  period — between  twenty  and  fifty. 

Regard  for  Sex. — As  a  rule  females  are  somewhat  more  susceptible  to 
electricity  than  males,  and  require  to  be  treated  with  greater  caution ;  not 
that  there  b  any  difference  of  susceptibility  of  the  sexes,  but  because  in 
civilization  woman  is  more  delicate  than  man,  and  more  readily  influenced 
for  good  or  evil,  by  all  remedies  and  systems  of  treatment.  But 
although  the  law  that  woman  is  more  impressible  than  man  holds  well 
t>n  the  average,  yet  the  individual  exceptions  are  very  numerous. 
Some  women — even  those  who  are  exquisitely  delicate — can  bea.  enor- 
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mous  (loses  of  electricity,  while  some  men  who  are  very  hardy  can  bca 
none  at  all.  The  rule  however,  is  constant  enough  to  make  it 
advisable  always  to  begin  the  treatment  of  delicate  females  with  con- 
siderable caution. 

The  higher  susceptibility  of  women  to  electrical  influence,  makes 
them  yield  more  rapidly  than  men  to  the  treatment,  when  it  suits  the 
temperament  and  disease,  and  hence  it  is  that  many  of  the  most  delightful 
results  of  general  faradization  and  central  galvanization,  have  been, 
obtained  in  neurasthenic,  anemic,  hysterical  women. 

The  menstrual  period  in  women  does  not  contraindicate  electrical 
treatment  at  all,  but  on  considerations  of  delicacy  the  operations  of 
general  faradization  and  central  galvanization  cannot  well  be  performed 
at  that  time.  Local  applications  to  the  periphery  can  be  made  without 
regard  to  the  menses. 

Rigard  for  the  Method  of  Application  and  the  Skill  of  the  Electro- 
therapeutist. — It  is  not  electricity  in  the  abstract,  but  electrization^ — that 
is,  electricity  applied  to  the  body — that  cures  disease.  Everything,  there- 
fore, depends  on  the  method  of  application.  Patients  frequently  say  that 
they  have  *'  tried  electricity"  and  it  did  no  good.  We  have  long  since 
Ceased  to  pay  any  heed  to  such  statements,  or  to  allow  them  to  influ- 
ence our  prognosis,  unless  it  is  expressly  stated  who  gave  the  electrical 
treatment,  what  methods  were  employed,  and  how  faithfully  the  treat- 
ment was  carried  out.  Some  of  the  best  successes  we  have  are  gained 
with  patients  who  have  '* tried  electricity"  and  found  it  wanting. 
What  should  we  think  of  a  patient  afflicted  with  a  broken  leg  wha 
should  say  that  he  had  "tried  surgery,"  and  it  had  failed  to  set  the 
bone?  Would  we  not  ask,  "What  surgeon?  Was  he  a  pretender,  or  a 
man  of  science  ?  And  did  he  have  a  fair  chance  ?  "  It  is  possible,  even 
if  good  treatment  at  the  hands  of  good  men  failed  some  time  ago,  that 
the  conditions  may  now  be  so  altered  that  tlie  same  or  different  treat- 
ment will  be  successful. 

It  is  not  the  remedy,  it  is  the  manner  of  using  it  that  determines  its 
value.  There  is  as  much  difference  in  electro- therapeutists  as  there  is 
in  general  surgeons,  ophthalmolologists,  or  aurists,  or  gynecologists,  or 
obstetricians.  In  the  ranks  of  those  who  use  batteries  are  all  grades 
of  genius,  and  lack  of  genius,  especially  the  latter.  In  electro-thera^ 
peutics  two  currents  are  used,  and  six  different  methods  of  application, 
Itnd  these  methods  are  all  capable  of  indefinite  variations,  dependent 
on  the  taste,  skill  or  experience  of  the  electro-therapeutist.  When  one 
mode  of  application  fails,  another  may  succeed;  when  one  electro, 
therapeutist  fails  with  any  mode  of  application,  another  with  the  same 
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inode  of  application  may  succeed.  And  yet,  patients  with  some 
obscure  disease,  that  requires  the  best  diagnostic  as  well  as  therapeutic 
skill,  who  have  had,  perhaps,  half  a  dozen  applications  of  the  magneto- 
electric  or  rotary  machines,  at  the  hands  of  some  stupid  servant-gin 
declare  that  they  have  "  tried  electricity."  As  well  might  a  sailor 
whose  broken  bone  had  been  badly  set  at  sea  by  a  comrade  before  the 
raast,  declare  that  he  had  "  tried  surgery." 

The  Differential  Prognosis  of  Accidental  and  Hereditary  Disease^ 
under  Eiecfrical  Treatment. — The  prognosis  of  any  case  under  electrical 
treatment  depends  more  on  the  time  that  the  disease  has  been  existing 
than  on  the  nature  of  the  disease  itself.  Very  grave  and  severe  symp- 
toms of  the  most  threatening  character  yield  promptly,  when  they  arc 
recent^  and,  so  to  speak,  accidental^  while  mild  and  nameless  symptoms, 
that  appear  to  be  of  the  most  trifling  character,  when  long  standing,  and 
especially  when  they  are  inherited,  may  be  exceedingly  obstinate.  It 
becomes  therefore  of  the  drst  importance  to  inquire  how  long  the  mor- 
bid symptoms,  or  other  symptoms  allied  to  them,  have  been  existing  in 
the  patient,  before  making  a  prognosis.  This  principle  applies  to  all 
diseases  for  which  electricity  is  employed.  It  is  illustrated  in  a  most 
interesting  manner  m  hysteria  and  allied  affections.  If  two  cases  pre- 
sent themselves,  both  suffering  from  symptoms  of  hysteria  and  neuras- 
thenia, but  in  one  case  the  symptoms  are  a  life-long  heritage,  while  in 
the  other  they  have  arisen  recently,  and,  so  to  speak,  accidentally, 
the  prognosis  in  the  latter  case  is,  other  conditions  being  the  same,  con- 
sequently more  favorable.  Even  if  the  symptoms  in  the  recent  case  be 
■»f  a  severer  type,  the  prognosis  may  be  much  better  than  in  the  inher- 
ited case.  On  this  account  it  becomes  necessary  to  inquire  with  dili- 
gence, and  repeatedly,  of  the  patients  and  of  their  friends,  in  order  to 
see  whether  any  allied  symptoms  have  been  their  portion  through  life, 
and  whether  the  special  disturbances  for  which  they  require  treatment 
are  simply  branches  of  a  great  tree  of  disease  that  has  grown  up  in  thcro 
from  the  moment  of  their  inception. 

When,  for  example,  a  patient  appears  with  sciatica,  or  tic-douloureux, 
it  is  not  enough  to  learn  how  long  that  particular  symptom  has  dis 
tressed  him  in  the  present  attack.  The  questions  to  be  asked  are  ; 
Has  he  ever  at  any  period  of  his  life  had  this  or  any  other  form  of 
neuralgia  ?  Is  he  of  the  nervous  diathesis  ?  Have  his  parents  or  any 
of  his  near  relations  suffered  from  neuralgia,  or  from  any  disease,  of 
symptom!  of  disease  that  are  allied  to  it  ?  On  the  answers  given  to  these 
queries  will  depend  our  probable  prognosis,  not  only  as  to  the  rapidit| 
of  relief  under  electrical  treatment,  but  also  as  to  \\^  perntaneney. 
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Inheritt^d  diseases  are  inclined  to  relapse  :  the  symptom  mar  give 
way,  a[)pareiuly,  before  the  force  of  treatment,  but  may  reappear  as 
easily  as  ii  disappeared,  even  while  the  treatment  is  continued. 

A/Ut -Effects  of  Electrical  Treatment— \\.  is  a  fact  well  recognized 
ihat  the  tonic  effects  of  a  trip  to  Europe,  or  to  the  mountains,  or  of 
a  short  vacation  anywhere,  or  at  any  season,  are  frequently  but  little 
appreciated  while  the  patient  is  travelling  or  recreating ;  but  appear 
days,  weeks,  and  months  subsequently.  A  debiUtated  man  may  receive 
no  strength  while  on  the  ocean,  or  at  the  hotel,  or  farm-house  in  the 
country,  may,  indeed,  seem  to  grow  weaker  instead  of  stronger,  and 
may  become  disheartened  thereby,  but  on  his  return  to  his  duties,  health 
may  gradually,  perhaps  imperceptibly,  come  to  him,  and  he  may  experi- 
ence a  renovation  and  a  recuperation  that  can  only  be  explained  as  the 
after  effects  of  his  vacation. 

It  is,  perhaps,  not  so  well  recognised  that  tonic  remedies,  and  systems 
of  treatment  of  various  kinds,  may  act  just  in  the  same  way.  Not  only 
the  evil  but  the  good  effects  of  medicines  may  be  cumulative.  We  may 
see  this  principle  illustrated  in  the  administration  of  quinine,  strychnine^ 
arsenic,  phosphorus,  and  iron. 

Electricity  obeys  the  same  law,  and  in  certain  constitutions,  and  cer- 
tain slates  of  the  system,  especially  those  of  debility,  it  does  little  or 
nothing  that  the  patient  can  see  or  feel  during  the  treatment  itself, — 
but  prepares  the  way  for  a  perfect  and  permanent  recovery.  We  have 
seen  this  principle  illustrated  in  a  large  variety  of  cases  of  chronic  dis- 
ease. The  practical  lesson  that  we  are  to  derive  from  this  is  to  en- 
courage patients  who  do  not  feel  fully  satisfied  with  the  progress  that 
they  make  while  under  treatment,  to  watch  closely,  if  possible,  their 
career  long  after  treatment  is  abandoned. 

Mlectrization  in  its  Relations  to  other  Forms  of  Treatment. — The  ques- 
tion, so  often  asked,  whether  electrical  treatment  will  interfere  with 
internal  medication,  or  with  gymnastics,  the  Russian,  Turkish  or  other 
baths,  and  so  forth,  is  very  easily  answered.  It  harmonizes  with  all  other 
tonic  remedies,  and  methods  of  treatment  that  are  employed  for  the 
common  purpose  of  relieving  pain,  or  building  up  broken-down  consti- 
tutions. 

Except  in  cases  where  we  vrish  to  experiment  and  learn  the  liierapeu- 
tical  value  of  electricity  by  itself  alone,  uncomplicated  with  olhei 
healing  factors,  it  is  a  positive  advantage  oftentimes  to  employ,  at  the 
same  time  with  electricity,  external  or  internal  medication  of  various 
kinds.  So  far  as  we  now  know  there  is  no  medicine  that  is  incom 
patible  with  electric!^.     There  is  no  evidence  that  any  remedy  has  an) 
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Specific  reenforcing  effect  uj)on  electricity,  such,  for  example,  asceitain 
stimulants  have  on  hydrate  of  chloral.  Some  of  the  best  therapeutical 
results  are  obtained  from  a  combination  of  electrical  with  othei 
treatment. 

On  tht  Use  of  EUctricity  by  tht  Laity. — Even  at  this  advanced  stage 
of  electro-therapeutics,  it  seems  to  be  necessary  to  constantly  warn  the 
profession  against  indiscriminately  intrusting  the  details  of  electrical 
applications  to  the  nurses,  friends  of  patients,  and  the  patients  them- 
selves. Having  just  rescued  this  department  from  the  hands  of  the 
laity,  and  given  it  a  position  among  men  of  science,  it  seems  strange 
that  those  physicians  who  arc  familiar  with  the  subject  should  even  now 
use  their  influence  to  return  it  lo  the  people  at  whose  hands  it  fon 
inerly  suffered  so  much ;  to  restore  it  to  the  captivity  of  prejudice  anr* 
ignorance. 

Tlie  temptation  on  the  part  of  the  people  to  use  electricity  them 
selves,  and  on  the  part  of  the  profession  to  allow  them  to  do  so,  is  very 
strong.  The  majority  of  physicians  know  little  more  of  electro-thera- 
peutics than  their  patients.  Some  have  a  theoretical,  but  not  a  practical 
acquaintance  witli  it.  Then  there  are  those  who  are  well  practised  in 
the  art,  but  are  too  closely  occupied  to  employ  it.  They  have  no  ap- 
piaratus,  or  if  they  have  any  it  is  very  likely  out  of  order.  Perhaps  no 
specialist  is  accessible,  or  the  patient  is,  or  is  supposed  to  be,  too  poor 
to  employ  one.  The  physician,  forgetting  that  it  is  not  electricity,  but 
electrization  that  cures  disease,  forgetting  that  there  are  two  kinds  of 
electricity  in  common  use,  and  six  different  methods  of  application, 
every  one  of  which  is  capable  of  various  modifications,  forgetting  that 
there  are  certain  temperaments  that  will  not  bear  electricity,  howevei 
applied,  and  that  there  are  others  who  must  be  treated  at  first  with 
great  skill  and  caution,  and  on  whom  the  currents  and  methods  em- 
ployed must  be  studiously  varied  during  a  course  of  treatment,  in 
short,  forgetting  that  electro-therapeutics,  considered  as  a  science  or  an 
zsXf  is  wonderfully  complex  and  exacting,  orders  the  patient  to  "  get  a 
battery  and  try  electricity'* 

This  prescription  is  usually  carried  out  in  the  following  manner  :  An 
old  magneto-electric  machine  (rotary)  is  trumped  up  from  some  neigh- 
bor's garret,  where,  after  having  failed  lo  cure  any  member  of  the  family, 
it  has  been  rusting  for  years.  If  the  patient  be  wealthy,  perhaps  a  new 
faradic  machine  is  ordered,  that  gives  a  harsh,  rough  current,  and  when 
applied,  drives  the  patient  to  despair.  The  friends  of  the  patient  arc 
bored  with  die  request  of  the  patient  to  apply  electricity,  and  only  half 
*lo  their  duty  ;  consequently  the  patient  tries  to  make  the  appHcatioc 


CHAPTER  IV. 


COUPARATIVB  VALUl  OF  THE  GALVANIC  AND  rARADIC  CUaHKNTS. 


Much  of  the  confus  on  that  exists  concermng  the  differential  indie* 
tions  for  the  use  of  the  galvanic  and  faradic  currents  arises  from  an  im- 
perfect or  erroneous  or  exaggerated  conception  of  the  distinction  in 
their  physical  and  physiological  effects.  The  general  belief  or  supposi- 
tion is,  that  there  is  between  them  a  radical  and  important  difference 
in  kind^  as  though  they  were  two  different  agents  or  forces. 

We  can  most  intelligently  compare  the  therapeutical  effects  of  the  two 
currents,  if  we  first  compare  their  physical  characteristics  and  their  phy- 
siological effects. 

By  referring  to  the  section  on  electro-physics,  it  will  be  seen  that  both 
currents — faradic  and  galvanic — are  capable  of  producing  chemical  de- 
composition, of  deflecting  the  needle  of  the  galvanometer,  of  producing 
sparks,  and  of  being  changed  into  heat.  Generally  speaking,  these 
effects  are  produced  more  powerfully  by  the  galvanic  current ;  but  in 
Gramme's  machines  we  shall  see  that  magneto-electricity  is  capable  of 
producing  great  heat  and  of  electroplating  on  an  enormous  scale. 

Both  currents  are  obedient  to  the  law  of  Ohm,  with  this  qualification, 
that  the  faradic  current  must  be  regarded  as  having  passed  through  a 
great  resistance. 

Faradic  and  galvanic  electricity  are  therefore  the  same  forced-elec- 
tricity, only  each  variety  is  modified  by  the  nature  of  the  substance 
through  which  it  circulates,  as  well  as  the  manner  of  its  production. 

Light  is  light,  whether  its  waves  are  shorter  or  longer,  and  in  spite  of 
interference  and  polarization,  and  whatever  may  be  the  color  that  it  ex- 
cites in  the  retina  ;  sound  is  sound,  whether  its  undulations  move  slowly 
or  rapidly.  So  electricity  is  electricity,  however  generated  or  however 
modified  by  the  medium  through  which  it  moves ;  and  all  forms  of  it, 
magnetism,  as  well  as  franklinisra,  galvanism,  and  the  many  .-arieties  of 
fimdism,  are  merely  different  expressions  of  the  one  great  force^lec 
tridty. 
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In  llieir  physiological  effects  the  two  currents  approach  each  tithe? 
rven  more  closely.  It  is  true  that  tlie  phenomena  of  electJfOtonos  have 
only  been  dejiionslrated  under  the  galvanic  current ;  but  it  is  not  pro.-ed 
that  similar  phenouieJia,  to  a  less  degree,  may  not  be  caused  by  the  faradic 
current,  and  every-day  experience  in  electro-therapeutics  shows  that  with 
Ciie  faradic  current,  as  with  the  galvanic,  the  positive  pole  is  the  more 
calming,  and  ihe  negative  the  more  irritating.  Both  currents  act  on  the 
skin  so  as  to  modify  the  circulation,  the  galvanic  having  a  greater  chemi- 
cal effect  and  causing  a  feeling  of  burning,  while  the  faradic  causes  a  feel- 
ing of  stinging  and  pricking.  Both  currents  applied  to  the  brain  and 
spinal  cord  excite  contractions  of  peripheral  muscles.  Ai>(jlied  to  the 
sympathetic  both  currents,  according  to  the  degree  of  irritation,  cause 
contraction  or  dilatation  of  the  cerebral  vessels ;  the  faradic  producing 
the  same  effect  as  the  galvanic,  only  more  slowly.  Applied  to  the  pneu- 
mogastric,  whether  cut  or  injured,  both  currents  produce  about  the  same 
cftects  on  the  heart.  Even  in  their  action  on  tlie  nerves  of  special  sense 
the  currents  approach  each  other  far  more  closely  than  has  been 
supposed. 

In  temperaments  of  a  high  order  of  susceptibility  the  faradic  current 
may  so  excite  the  retina  as  to  cause  flashes  before  the  eyes,  and  may 
produce  a  metallic  taste  in  the  mouth,  and  even  the  auditory  nerve  re« 
sponds  to  the  faradic  current,  iliough  less  distinctly  than  to  the  gal- 
vanic current,  and  without  the  peculiar  differential  action  of  the 
poles. 

Applied  to  motor  and  sensory  nerve  branches,  both  currents  and  both 
poles  cause  sensations  of  pricking,  tingling  and  numbness,  and  contrac- 
tions of  the  muscles  which  tlie  nerve  supplies.  Applied  to  voluntary 
muscles  both  currents  cause  contractions,  the  faradic  more  readily  than 
the  galvanic  ;  appUed  to  involuntary  muscles  both  currents  cause  slow 
contraction  at  both  poles  and  in  the  intermediate  region.  The  electro- 
lytic action  of  the  faradic  current  on  the  blood  or  on  the  tissues  of  the 
body  is  but  feeble  as  conipared  with  that  of  the  galvanic  current ;  but 
yet  it  exists,  and  from  the  inner,  or  primary  coil,  is  easy  of  dejnonstration 
and  yet  it  must  be  confessed  that  in  tlieir  chemical  action  the  current! 
diverge  more  widely  than  in  any  other  physiological  effect 

Over  nutrition  b*vth  currents  and  both  poles  have  a  powerful  influence 
the  faradic  acting  more  prominently  through  the  muscular,  the  galvanii 
through  the  nervous  system. 

From  the  accumulating  results  of  experiments  and  experience  i 
electro-diagnosis  and  therapeutics,  we  think  diat  there  is  strong  reaso 
for  regarding  the  essential  distinction  in  the  efTects  of  these  currents  o 
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ihe  body  as  mainly  cf  degree^ — practically  amounring,  it  is  true,  to  a 
differcDce  in  kind, — and  that  this  is  the  scientific  basis  for  their  differen- 
tial employment. 

In  the  form  of  localized  electrization  both  can  produce  muscular 
contractions  in  paralyzed  muscles,  and  relieve  local  neuralgias ;  both 
cause  absorption  of  abnormal  secretions ;  and  both  can  directly  aflfect 
the  brain,  spinal  cord,  sympathetic,  and  all  the  internal  organs,  pro- 
ducing, in  different  degrees,  the  various  therapeutic  results  that  directly 
and  indirectly  flow  from  electrical  excitation  of  these  parts.  In  the 
form  of  general  electrization  both  currents,  besides  producing  most  of 
the  other  results  of  localized  electrization,  act  as  powerfully  stimulating 
tonics,  and  thus  form  most  efficient  aids  in  the  relief  and  cure  of  nerv- 
ous exhaustion,  nervous  dyspepsia,  constitutional  neuralgia,  and  of  a 
wide  range  of  nervous  diseases  associated  with  or  dependent  on  general 
debility. 

In  electro-surgery  both  currents  avail  to  discuss  tumors,  heal  ulcers, 
and  hasten  absorption,  although  for  these  purposes  the  galvanic  is 
incomparably  the  more  effective. 

•  And  yet  the  difference  in  degree  between  the  effects  of  the  two  cur- 
rents is  so  marked  and  so  clearly  demonstrable,  as  to  be  practically 
equivalent  in  certain  instances  to  a  difference  in  kind,  and  to  give  very 
important  and  remarkable  advantages  to  one  current  or  the  other,  ac- 
cording to  the  indications  required. 

The  advantages  of  the  galvanic  over  the  faradic  are  :— 

1.  A  greater  power  of  overcoming  resistance.  It  therefore  affects  the 
brain,  spinal  cord,  and  sympathetic  more  powerfully  than  the  faradic» 
since  the  anatomical  position  of  these  parts  is  such  that  considerable 
venslADce  must  be  overcome  in  order  to  directly  affect  them.  For  the 
same  reason  it  is  usually  to  be  preferred  when  it  is  desired  to  affect  the 
middle  and  internal  ear,  the  retina,  and  the  muscles  of  the  eye. 

2.  A  power  of  producing  muscular  coniractions  in  cases  wfure  the 
faradic  fails.  This  peculiarity  of  the  galvanic  current  has  now  been 
observed  so  frequently,  and  in  such  striking  instances,  that  it  has  be- 
come an  accepted  fact  of  electro-therapeutical  science.  Illustrative 
examples  will  be  given  in  the  section  on  paralysis.  After  a  certain 
amount  of  treatment  by  the  galvanic  current  the  paralyzed  nmscles 
frequently  resjrae  their  susceptibility  to  the  faradic. 

3.  A  far  more  potent  electrotonic^  electrolytic^  and  thermic  action. 
The  chemical  power  of  the  galvanic  current  is  most  markedly  seeo 
when  used  for  the  purposes  of  galvano-cauterj-  or  electrolysis.  The 
superior  efficacy  of  the    galvanic    current  to    the  faradic,  so  often 
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^.  It  is  itss  likely  to  produce  unpleasant  or  harmful  effects^  when 
incautiously  used,  than  the  galvanic. 

To  confirm  this  statement  we  rest  mainly  on  the  evident  results 
of  clinical  observation.  We  may  indeed  refer  to  a  number  of  cases  of 
severe  constitutional  neuralgia  and  excessive  nervous  exhaustion  where 
the  faradic  current  invariably  relieved,  and  where  the  galvanic  current 
as  invariably  aggravated,  the  symptoms.  For  this  reason  it  is  better  to 
begin  the  practice  of  electro-therapeutics  with  the  faradic  current,  and 
for  those  families  who  desire  a  scientific  plaything,  the  faradic  machine 
is  safer  than  the  galvanic  apparatus. 

In.  all  applications  to  the  head,  neck,  and  spine  especially,  applica^ 
tions  of  the  galvanic  current  can  rarely  be  protracted  without  injury, 
while  in  many  cases  the  spine  and  neck  may  be  faradized  through  very 
prolonged  sittings,  with  positive  benefit  to  the  patient.  To  the  head, 
also,  a  faradic  current  of  a  proper  quality  may  be  applied  much  longer 
than  a  galvanic  current,  before  unpleasant  dizziness  or  headache  is 
excited.  The  belief,  pretty  generally  entertained  in  Europe,  that  the 
faradic  current  cannot  be  applied  to  the  head  without  injur)',  is  to  be 
accounted  for  by  the  fact  that  most  of  the  electric  machines  there  em- 
ployed are  separate  coil  machines,  and  do  not  furnish  a  current  of  suffi- 
cient smoothness  for  faradization  of  the  head.  Most  of  those  who  at- 
tempt this  method  of  treatment  use  too  small  electrode?,  and  thus  give 
the  current  greater  density  than  the  brain  can  bear.  Galvanization  of  the 
eye  or  ear,  or  of  the  cervical  sympathetic,  must  always  be  shorter  than  fara- 
dization of  the  same  parts.  These  considerations,  however,  need  not  inter- 
fere with  the  use  of  the  galvanic  current  to  these  parts,  in  all  cases  where 
it  offers  a  positive  advantage  over  the  faradic  There  is  no  real  danger 
in  using  either  current  on  any  patient,  provided  it  be  used  properly. 

A  consideration  of  some  practical  importance  with  general  practi- 
tioners is,  that  the  faradic  apparatus  is  more  convenient,  more  portable, 
dian  even  the  compactest  galvanic  apparatus  that  has  yet  been  devised. 
It  is  impossible,  however,  for  any  practitioner  to  realize  anything  like 
the  full  benefit  of  electrization  without  apparatus  for  the  galvanic  as 
well  as  the  faradic  current. 

The  general  differential  indications  for  the  use  of  the  two  currents 
may  be  thus  summed  up.     The  galvanic  should  be  used^ 

1.  To  act  with  special  electrotonic  and  electrol'i'tic  power  on 
the  brain,  spinal  cord^  sympathetic,  or  any  part  of  the  central  or  periph- 
eral nervoiis  system, 

3.  To  produce  contractions  in  paralyzed  musclet  that  fail  to  respond 
ta  the  faradic. 
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3.  in  cJectr^surgery^  to  pr^uct  dutr^lysis  or  cauiet  ixaiion. 

The  faradic  should  be  used — 

1.  To  act  MILDLY  on  the  braitu,  spinal  cord^  sympathetic ^  or  €my  part 
Iff  the  central  or  peripheral  nervous  system. 

2.  To  excite  muscular  contractions  wherever  the  muscUs  are  not  s» 
much  diseeued  eu  to  be  unable  to  respond  to  it. 

5.  To  produce  strong  mec/tanical  effects. 

Both  are  essential  in  electro-diagnosis— the  faradic  cspeciaUy  for  the 
muscles,  and  the  galvanic  especially  (or  the  nervous  system  j  and  both 
are  adapted  for  general  as  well  as  localized  electrization,  although  in 
general  electrization  the  faradic  current  is  chiefly  used.  It  logically 
foUoi^'S  from  what  has  been  said  that  very  many — perhaps  the  majority 
— of  diseases  are  best  treated  not  by  one  current  exclusively,  but  by 
both  cui rents,  either  in  alternation  or  succession.  Special  indication* 
will  be  given  under  the  special  diseases. 

The  two  currents  compared  to  bromide  0/ potassium  and  hydrate  of 
chloral. 

We  arc  accustomed  to  compare  in  a  rough  way  the  differential  action 
of  the  currents  i^ith  the  differential  action  of  bromide  of  potassium  and 
hydrate  of  chloral,  the  faradic  current  being  the  bromide  of  potassium, 
and  the  galvanic  the  hydrate  of  chloral. 

Bromide  of  potassium  is  a  safer  remedy  than  hydrate  of  chloral,, 
but  there  are  very  many  cases  where  it  is  powerless,  and  the  hydrate  of 
chloral  acts  as  a  specific  ;  so  the  faradic  current  is  safer  than  the  gal- 
vanic, and  therefore  better  adapted  for  general  use,  and,  for  those  who 
use  but  one  current,  fulfils  a  larger  requirement  ;  and  yet  there  are- 
many  cases  where  it  fails  and  the  more  powerful  galvanic  is  demanded. 
Except  for  the  cases  where  the  galvanic  current  is  clearly  indicated,  it 
is  well  to  b«*gin  with  the  faradic  current,  just  aa  we  use  bromide  of 
potassium  before  resorting  to  hydrate  of  chloral. 

A  combination  of  bromide  of  potassium  and  hydrate  of  chloral  19 
frequently  more  effective  in  producing  sleep  and  relieving  pain  than 
cither  remedy  when  used  alone  :  similarly  the  combined  or  alternate 
use  of  the  faradic  or  galvanic  currents  will  sometimes  accomplish  much 
more  than  either  current  used  exclusively. 


GALVANO-FARABIfATIOK. 


In  order  to  secure  the  advantages  of  both  currents,  and  at  tht:  same 
time  to  avoid  the  trouble  and  inconvenience  of  employing  them  in  sac- 
cession,  or  alternately,  as  is  so  frequently  necessary,  we  have  f^evised  • 
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method  of  using  them  simultaneously.     To  this  method  we  have  given  a 
name  which  sufficiently  expresses  its  character — galvano-faraditation 
It  may  be  either  general  or  localized. 

The  method  of  general  galvano-faradization  requires  a  double 
electrocle,  with  one  part  for  the  galvanic  and  the  other  for  the  faradic 
currenL  The  copper  plate  may  be  connected  at  one  part  with  the 
pole  of  the  faradic,  and  at  another  with  that  of  the  galvanic  apparatus ; 
thus  the  circuit  is  completed  for  both  currents. 

In  localized  galvano-faradLcation  it  is  necessary  to  have  in  use  two 
double  electrodes ;  for  this  purpose  the  double  excitors  of  Duchenne 
answer  very  welL  By  a  proper  constructioo  and  adjustment  of  the 
electrodes  it  is  possible  to  localize  the  two  currents  vejy  near  to  each 
'  other.  Whether  any  special  therapeutical  advantage  arises  from  the 
simultaneous  use  of  the  two  currents,  we  are  unable  to  state. 

We  allow  the  above  description  of  galvano-faradization  to  stand  just 
as  it  appeared  in  the  first  edition. 

Since  we  have  used  central  galvanization — a  method  to  be  subse- 
qu'in'Jy  described — we  have  dispensed  almost  entirely  with  general 
gaJvaiio-firaditation. 


CHAPTER  V. 

THE   FRINCfLES   OF   Kr.ECTRO-DIAGNOSIS    (eLECTRO-PATHOLOGT;, 

In  this  chr.pter  we  shall  speak  only  of  the  principles  on  which 
electricity  is  used  as  a  means  of  diagnosis  in  medicine.  The  details 
and  special  applications  of  these  principles  wil!  appear  under  the  vari- 
ous diseases. 

A  history  of  the  use  of  electricity  as  a  means  of  diagnosis  would  very 
likely  be  the  history  of  electro-therapeutics  itself.  As  soon  as  men 
began  to  use  the  voltaic  pile  in  the  treatment  of  paralysis  and  kindred 
diseases,  about  the  middle  of  the  last  century,  just  so  soon,  probably, 
they  began  to  test  the  power  of  the  electric  current  to  diagnosticate 
disease.  We  logically  infer  that  electrization  was  used  as  a  means  of 
diagnosis  much  earlier  than  the  published  treatises  on  the  subject  would 
show,  from  the  fact  that  it  has  been  so  used— in  a  blind  and  empirical 
way,  it  is  true — in  this  country,  for  thirty  or  forty  years.  Mankind, 
always  and  everywhere,  are  superstitious,  credulous,  ready  to  receive 
whatever  ajiproaches  them  with  an  air  of  mystery,  much  more  so  in  the 
last  century  than  in  the  present ;  and  it  is  certainly  not  unfair  to  sup- 
pose that  the  earlier  experimenters  in  this  department  consulted,  to  a 
greater  or  less  extent,  the  diagnostic  or  prophetic  power  of  the  subtle 
agent — electricity.  Their  experinients,  we  may  suppose,  were  unscien- 
tific and  unsatisfactory.  They  were  probably  neither  based  on  any 
well-defined  principles,  nor  conducted  by  any  intelligible  system.  Ac- 
cordingly, they  secured  very  few  tangible,  or  at  least  communicable,  re- 
sults, and  if  scientific  men  had  not  espoused  the  cause  of  electro-thera- 
peutics, the  phrase  electricity  as  a  means  of  diagnosis,  would  never  have 
been  known.  Nearly  all  that  has  been  accomplished  in  a  scientific 
way,  in  this  department,  is  comparatively  recent ;  though  Marshall  Hall 
earnestly  called  the  professional  attention  to  the  fact  that  Electricity 
might  assist  us  in  diiTerentially  diagnosticating  paralysis  as  far  back  as 
1S39.*  Since  that  time  the  subject  has  been  studied  by  nearly  all  tie 
f)rom'jient  workers  in  the  department  of  electro-therapeutics 
•  Medico-Chirurgicd  Transactions,  1S39. 
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Iq  order  to  be  expert  in  electto-diagnosis,  it  is  necessax7  lO  be 
thoroa^jr  familiar  with  the  normal  reaction  of  the  different  parts  and 
organs  of  the  body  to  faradic  and  galvanic  eleclrici^.  The  founda- 
tion principles,  on  which  Electricity  can  be  made  a  means  of  diagnosis 
of  disease,  are  simply  these  four : — 

First  The  fact  thai  all  the  parts  and  organs  of  the  body  are  mere  or 
less  sensitive  to  the  electric  current y  and  that  this  sensitiveness  is  modified 
hy  disease.  This  electro-sensibility  may  be  either  increased  or  dimin- 
ished. 

If  an  electric  current  be  passed  through  a  boil,  or  irritable  ulcer,  or 
the  skin,  like  any  other  irritant,  it  excites  more  pain  than  when  it  is 
applied  ovct  the  healthy  skin  ;  and  this  pain  which  it  causes  usually 
bears  quite  a  direct  proportion  to  the  nature  and  condition  of  the 
morbid  process.  This  b  so  familiar  amd  so  apparent  an  example  of  in- 
crease of  electro-sensibility,  that  to  state  it  is  to  demonstrate  it.  The 
electric  currents,  during  the  various  processes  of  electrization,  penetrate 
beneath  the  skin,  and,  as  it  has  been  experimentally  and  practically 
demonstrated,  traverse,  to  a  greater  or  less  extent,  the  principal  vital 
organs.  It  is  evident,  therefore,  that  those  organs  which  are  abnor- 
mally sensitive,  through  disease  of  any  kind,  must  feel  the  current  much 
more  appreciably  than  when  in  a  condition  of  health. 

But  the  mechanical  effects  of  the  electric  currents  work  both  ways, 
and  organs  which  are  indurated  or  changed  into  an  anaesthetic  condi- 
tion by  disease  are  less  sensitive  than  is  normal  to  the  electric  current, 
just  as  they  are  less  sensitive  to  any  other  mechanical  cause  acting  upon 
them. 

Accordingly,  we  find  that  when  even  powerful  electric  currents  are 
passed  through  an  indurated  joint,  or  an  atrophied  liver,  or  any  part  the 
sensory  nerves  of  which  are  paralyzed,  they  may  produce  little  sensa 
tion. 

Before  making  examinations  to  determine  the  sensitiveness  of  the 
different  parts  of  the  surface  of  the  body,  it  is  necessary  to  know  their 
relarive  normal  sensitiveness,  as  indicated  and  described  in  the  chapter 
on   Electro-Therapeutical  Anatomy. 

No  absolute  bandar d  of  Electro-sensibility, — We  have  no  absolute 
or  mathematical  standard  of  electro-sensibility  by  which  to  compare 
the  deviations  that  appear  in  disease.  We  can  only  compare  the 
Knsitiveness  of  parts  with  the  average  sensitiveness  of  the  same  parts 
in  health.  When  half  the  body  is  diseased,  as  in  hcmi[)legia,  it  may 
readily  be  compared  vrith  the  electro-sensibility  of  the  healthy  side. 
In  all  these  examinations  into  sensibility  we  are  dependent  on  the 
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It  need  kvdljF  be  aid  tint  the  fi^gaaab  iiU  iiii  il  bf  uiiniiig  iIm 
iBcifeMcdcriiBiiiiiilml  amili^eaef^rf  •oypat  or  cgw,  —1^  of  tie- 
cesstty,  be  a  Tery  genexxl  ofte.  It  simplf  afonoB  as  oC  aad  dbccts  ooi 
attentioQ  Co*  the  iact  tiutt  sodi  a  port  or  oqga»  is  in  some  wwf  diseased. 
The  special  Dotureof  thb  dbcase  «att  be  detcsaioed  bf  tiam  os&magy 

Tnis  iriiiyliweDess  to  the  oectnc  ciuieut  s  portimbnjy  imii  t  n  over 
Ae  proaaiDOiK  oenre-tnctik  and  id  thore  fcgioos  fdawwed  with  great 
tactile  weosUSDtf.  If  even  a  aAl  cktcmc  be  applied  at  diose  points  oa 
tbe  appcr  or  lower  linba  wbere  the  proouMBt  nerves  are  ntpertdal,  a 
Ceding  of  dagling  or  mnibnes  is  fdt  Aiongib  dK  branches  of  the , 
affected  nerre ;  and  if  the  atrrrat  is  rrxj  onch  iaacased  in  strength, 
a  decidedlf  anaesthetic  elEect  is  experienced  in  pandysas  of  s«ns^ 
doo,  or  amcalhesia,  diis  feeling  of  tingfing.  ifartll»  and  nnmboess  is 
very  much  diminished  ooder  the  infloeaee  of  tbe  electric  current,  or  is 
enttivly  absent.  It  is  on  this  principle  that  electndty  beconoes  a  most 
valuable  means  of  diagno»s  in  die  varioos  stages  of  anaesdiesia.  A 
condition  of  ana&sthesia  or  onalgeaa  (loss  of  sense  of  pain)  can  readily 
be  detected  by  the  brass  ball  employed  in  general  (aradiiation,  or  by 
the  metallic  brush,  or  by  any  other  form  of  electrode.  To  detect 
ana^esia  the  electrode  should  be  moistened  so  that  the  current  may 
penetrate  the  epidermis. 

General  faradization  is  found  to  be  of  practical  utility  in  aiding  us  to 
determine  the  locality  of  certain  diseases,  if  not  their  precise  nature. 
In  dyspepsia,  electrization  often  reveals  great  sensitiveness  in  the 
epigastric  region,  and  on  the  left  side  over  the  spleen.  In  severe 
dyspepsia,  accompanied  by  emaciation,  a  current  is  sometimes  pain- 
fully transmitted  from  the  middle  of  the  back  to  the  neighborhood  oi 
the  epigastrium.  A  peculiar  sinking  sensation  is  sometimes  felt  at  the 
pit  of  the  stomach  when  a  strong  current  is  applied  over  the  seventh 
cervical  vertebra,  or  over  the  brachial  plexus.  All  these  symptoms, 
taken  together,  undoubtedly  suggest  an  aggravated  case  o(  dyspepsia, 
and  usually  of  the  nervous  variety.  Congested  or  irritable  states  of  the 
liver  are  revealed  by  an  abnormal  and  peculiar  sensitiveness  when  the 
current  is  applied  over  the  right  hypochondriac  region.  Carf  musf  be 
iakai,  howrtfer^  not  to  confound  the  normal  sensitiveness  of  the  superfitiak  • 
ntrves  over  the  ribs,  with  an  abnormal  condition  of  the  liver.  There 
are  certain  diseases  of  this  organ  in  which  it  is  less  sensitive  than  usual 
to  electrization,  ar  d  sometimes  it  appears  to  be  decidedly  anaesthetic. 


MODinCATIOXS  OF  ELECTRO-SEXSIBILITY. 


271 


A  bdjr  puient  of  oars  who  had  suffered  for  jears  from  hepatic  disor- 
der wan  very  sensitive  to  the  current  exceptiog  oirer  the  light  hjrpcchon* 
^riac  region,  where  she  could  bear  the  whole  power  of  the  apparattis 
-without  any  discomfort,  except  that  which  was  necessarily  caused  by 
^e  natural  tenderness  of  the  skin.  The  precise  condition  of  the  livci 
4k.t  that  time  we  were  not  able  to  ascertain.  The  ev-idcnce,  however, 
was  sufficient  to  con&rm  our  previous  suspicions  in  regard  to  the  exis- 
tence of  some  affection  of  that  organ.  It  may  be  said  in  general, 
that  those  diseases  which  cause  the  liver  to  be  sensitive  to  external 
pressxire,  also  cause  it  to  be  sensitive  to  electri^ation.  The  same 
general  principle  will  apply  to  the  stomach,  the  spleen,  the  intestines, 
ani  the  ovaries.  Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make  it 
quite  probable  that  certain  sensitive  conditions  of  tuberculous  deposit 
may  be  suggested  by  abnormal  sensitiveness  to  tjie  faradic  current  over 
the  apex  of  the  chest 

Electro  diagnosis  of  the  sensory  nerves  requires  us  to  examine  the 
condition  not  only  of  the  various  portions  of  the  skin,  but  also  of  the 
oer\e-branches,  and  the  plexuses. 

If  in  cutaneous  anaesthesia  we  find  normal  sensitiveness  on  the  nerve- 
branches,  we  judge  that  the  disease  is  confined  to  the  nerve  ramificap 
tions  only. 

If  in  complete  anaesthesia  of  an  extremity  the  nerve  plexus  exhibits  a 
-oormal  reaction,  we  also  judge  that  the  disease  is  not  central  but  peri- 
pheral,  including  the  nerve-branches. 

For  the  purpose  of  Usiing  the  condition  of  sensation  the  faradic  cur- 
rent is  usually  to  be  preferred,  for  the  reason  that  its  mechanical  effects 
arc  greater  than  those  of  the  galvanic. 

The  electro-sensibility  may  be  normal  or  nearly  so  when  ordinary 
sensibility  is  much  diminished.  In  some  cases  of  posterior  spinal  sclc. 
rosis,  for  example,  a  moderate  electric  current  may  be  fully  perceptible 
while  a  pin  may  be  thrust  into  the  flesh  without  causing  any  pain. 

Tlie  Head. — In  health  the  head  is  very  sensitive  both  to  galvaniza- 
tion and  faradization,  in  all  parts  except  the  posterior.  This  electro- 
sensitiveness  of  the  frontal  and  parietal  regions  of  tlie  head  is  due  to 
the  superficial  nerves,  and  not  to  the  brain  itself.  In  pathological  cases 
this  sensitiveness  may  be  either  increased  or  diminished. 

Spini-. — In  health  the  spine  is  but  little  sensitive  to  the  current.  In 
pathological  cases  it  may  exhibit  a  sensitiveness  to  the  electric  current 
diat  is  not  revealed  by  pressure  or  by  any  other  method  of  irritation. 
This  conditio  i  is  found  in  neuralgia,  spinal  irritation,  hysteria,  etc     It 
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Statements  of  the  patient,  and  the  results  will  be  influenced  by  his  in 
telligence  and  honesty. 

It  need  hardly  be  said  that  tlie  diagnosis  obtained  by  observing  this 
increased  or  diminished  sensitiveness,  of  any  part  or  organ,  must,  of  ne- 
cessity, be  a  very  general  one.  It  simply  informs  us  of,  and  directs  oui 
attention  to,  the  fact  diat  such  a  part  or  organ  is  in  some  way  diseased. 
The  special  nature  of  this  disease  must  be  determined  by  the  ordinary 
means  of  ditferential  diagnosis  at  our  command. 

This  sensitiveness  to  the  electric  current  is  particularly  marked  over 
the  prominent  nerve-tracts,  and  in  those  regions  endowed  with  great 
tactile  sensibility.  If  even  a  mild  current  be  applied  at  those  points  on 
the  upper  or  lower  limbs  where  the  prominent  nerves  are  superficial,  a 
feeling  of  tingling  or  numbness  is  felt  through  the  branches  of  die  . 
affected  nerve  ;  and  if  the  current  is  very  much  increased  in  strength, 
a  decidedly  anaesthetic  effect  is  experienced.  In  paralysis  of  sensa- 
tion, or  anaesthesia,  this  feeling  of  tingling,  thrill,  and  numbness  is 
very  much  diminished  under  the  influence  of  the  electric  current,  or  is 
cnrlivly  absent.  It  is  on  this  [mnciple  that  electricity  becomes  a  most 
valuable  means  of  diagnosis  in  the  various  stages  of  an.^sthesia.  A 
condition  of  anaesthesia  or  analgesia  (loss  of  sense  of  pain)  can  readily 
be  detected  by  the  brass  ball  employed  in  general  faradization,  or  by 
the  metallic  brush,  or  by  any  other  form  of  electrode.  To  detect 
analgesia  the  electrode  should  be  moistened  so  that  the  current  may 
penetrate  the  e|>idermis. 

General  faradization  is  found  to  be  of  practical  utility  in  aiding  us  to 
determine  the  locality  of  certain  diseases,  if  not  their  precise  nature. 
In  dyspepsia,  electrization  often  reveals  great  sensitiveness  in  the 
epigastric  region,  and  on  the  left  side  over  the  spleen.  In  severe 
dyspepsia,  accompanied  by  emaciation,  a  current  is  sometimes  pain- 
fully transmitted  from  the  middle  of  the  back  tu  the  neighborhood  oi 
the  epigastrium.  A  peculiar  sinking  sensation  is  sometimes  felt  at  the 
pit  of  the  stomach  when  a  strong  current  is  applied  over  the  seventh 
cervical  vertebi-a,  or  over  the  brachial  plexus.  All  these  symptoms, 
taken  together,  undoubtedly  suggest  an  aggravated  case  of  dyspepsia, 
and  usually  of  the  nervous  variety.  Congested  or  irritable  states  of  the 
liver  are  revealed  by  an  abnormal  and  peculiar  sensitiveness  when  the 
current  is  applied  over  the  right  hypochondriac  region.  Care  must  be 
taken,  howroer,  not  to  confound  the  normal  sensitiveness  of  the  superfUiai  i 
nerves  over  the  ribs,  with  an  abnormal  condition  of  the  liver.  There 
are  certain  diseases  of  this  organ  in  which  it  is  less  sensitive  than  usual 
to  electrization,  ar  i  sometimes  it  appears  to  be  decidedly  anaesthetic- 
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A  lady  patient  of  ours  who  had  suffered  for  years  from  hepatic  disor- 
icT  was  very  sensitive  to  the  current  excepting  over  the  right  hype chon« 
driac  region,  where  she  could  bear  the  whole  power  of  the  apparatus 
without  any  discomfort,  except  that  which  was  necessarily  caused  by 
the  natural  tenderness  of  the  skin.  The  precise  condition  of  the  livei 
at  that  time  we  were  not  able  to  ascertain.  The  evidence,  however, 
was  sufficient  to  confirm  our  previous  suspicions  in  regard  to  the  exis- 
tence of  some  affection  of  that  organ.  It  may  be  said  in  general, 
that  those  diseases  which  cause  the  liver  to  be  sensitive  to  external 
pressure,  also  cause  it  to  be  sensitive  to  electrization.  The  same 
general  principle  will  apply  to  the  stomach,  the  spleen,  the  intesrines, 
an  )  the  ovaries.  Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make  it 
quite  probable  that  certain  sensitive  conditions  of  tuberculous  deposit 
may  be  suggested  by  abnormal  sensitiveness  to  t}ie  faradic  current  over 
♦he  apex  of  the  chest. 

Electro  diagnosis  of  the  sensory  nerves  requires  us  to  examine  the 
condition  not  only  of  the  various  portions  of  the  skin,  but  also  of  the 
nerve-branches,  and  the  plexuses. 

If  in  cutaneous  anaesthesia  we  find  normal  sensitiveness  on  the  nerve- 
branches,  we  judge  that  the  disease  is  confined  to  the  nerve  ramificap 
tions  only. 

If  in  complete  anaesthesia  of  an  extremity  the  nerve  plexus  exhibits  a 
normal  reaction,  we  also  judge  that  the  disease  is  not  central  but  peri- 
pheral, including  the  nerve-branches. 

Far  tfu  purpose  of  Usting  the  condition  of  sensation  the  faradic  cur- 
rent is  usually  to  be  preferred^  for  the  reason  that  its  mechanical  effects 
ax^  greater  than  those  of  the  galvanic. 

The  electro-sensibility  may  be  normal  or  nearly  so  when  ordinaiy 
sensibility  is  much  diminished.  In  some  cases  of  posterior  spinal  scle- 
rosis, for  example,  a  moderate  electric  current  may  be  folly  perceptible 
while  a  pin  may  be  thrust  into  the  flesh  without  causing  any  pain. 

The  Head, — In  health  the  head  is  very  sensitive  both  to  galvaniza- 
tion and  faradization,  in  all  parts  except  the  posterior.  This  electro- 
sensitiveness  of  the  frontal  and  parietal  regions  of  the  head  is  due  to 
the  superficial  nerves,  and  not  to  the  brain  itself.  In  pathological  cases 
this  sensitiveness  may  be  either  increased  or  diminished. 

Spine. — In  health  the  spine  is  but  litde  sensitive  to  the  current.  In 
pathological  cases  it  may  exhibit  a  sensitiveness  to  the  electric  current 
that  is  not  revealed  by  pressure  or  by  any  other  method  of  irritatioiL 
This  conditia  \  is  found  in  neuralgia,  spinal  irritation,  hysteria,  etc     £l 


ELECTRO-MUSCULAR  SENSIBILITY  AND  CONTRACTILITY.    2/3 

ft  is  not  necessary  to  present  them  in  detuL  More  recent  investiga* 
tioDS  have  established  that  the  behavior  of  the  deep-seated  muscles,  ia 
regard  to  their  contractility,  is  a  much  more  complicated  question  than 
was  formerly  supposed.  The  contractile  power  of  a  muscle  is  made  np 
of  two  factors,  viz.:  the  excitability  of  the  intra-muscular  nerve -fibres 
and  the  functional  capacity  or  irritability-  of  the  muscular  substance 
itaelL  When,  therefore,  the  contractile  power  of  a  muscle  differs  ii» 
any  respect  from  the  nonnal,  this  variation  may  be  due  to  an  abnormal 
condition  of  either  one  or  both  of  these  factors.  Still  further,  it  is 
stated  that  when  the  excitability  of  the  intramuscular  ncnre-6bres  and 
the  irritability  of  the  muscular  substance  are  increased,  yet  if  th« 
foniier  has  suffered  more  than  the  latter,  the  contractile  power  may  br 
diminished,  and  vU^  vcrsd. 

In  comparing  healthy  with  diseased  sidis  in  paralysis^  it  is  netessary 
to  use  not  only  the  same  strength  of  current^  but  also  the  same  relative 
position  and  pressure  of  the  electrodes. 

The  general  principles  that  have  thus  far  been  established,  in  regard 
to  the  relation  of  electro-muscular  contractility  to  disease,  are  as  fol- 
lows : — 

ist  In  paralysis  of  motion,  the  electro-muscular  contractility  is 
sometimes  normal,  occasionally  increased,  and  \tjy  frequently  dimirt- 
ished. 

Increase  of  electro-muscular  contractility,  or  at  least  of  irritability,  may 
be  observed  in  diseases  of  the  brain,  attended  witli  irritative  lesions,  in 
certain  spasmodic  and  hysterical  affections,  and  occasionally  in  loco- 
motor ataxia.  Diminution  of  electro  muscular  contractility  is  usually 
obseived  in  grave  lesions  of  the  anterior  columns  of  the  spinal  cord, 
and  motor  tract  of  the  brain,  in  rheumatic  paralysis,  lead  palsy,  in  well- 
marked  progressive  muscular  atrophy,  and  in  paralysis  from  injury  oA  a 
nerve  in  some  part  of  its  course. 

ad.  In  certain  central  diseases,  the  electro-muscular  contractility  is 
It  first  normal  or  diminished,  and  afterwards  increases  with  the  progress 
of  the  disease,  until  it  becomes  greater  than  normal. 

The  length  of  time  that  is  necessary  to  illustrate  these  variations  de- 
pends on  the  nature  of  the  disease.  In  chronic  inflammations  of  the 
spinal  cord,  in  effusions  in  the  brain,  causing  hemiplegia,  these  varia- 
tions may  run  through  many  weeks  and  months.  In  cases  of  hemiple- 
pa  also,  these  different  conditions  of  the  electro-muscular  contiactilit^ 
may  run  in  a  circle ;  being  sometimes  normal,  sometimes  increased, 
ajid  sometimes  diminished  (Benedikt).  All  these  changes  correspond, 
of  course,  to  certain  changes  in  the  pathological  condition  of  the 
i8 
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diseased  brain.  Just  what  this  correspondence  is  in  each  case,  cannot, 
in  the  present  state  of  electro-patiiological  science,  be  well  determined- 
3d.  The  fact  that  certain  forms  of  paralysis  behave  very  differently 
under  the  faradic  and  the  galvanic  current  Muscles  over  which  a 
faradic  current  can  have  no  influence,  may  contract  easily  under  a 
milder  galvanic  current  than  is  necessary  to  produce  contractions  of  the 
sanie  muscles  in  health.  Sometimes,  as  the  paralyzed  muscles  recover, 
they  regain  their  power  of  contracting  under  the  faradic  current,  at  the 
same  time  proportionately  losing  their  contractility  under  the  galvanic 
current.  This  law  is  most  readily  deuionstraled  in  peripheral  facial 
paralysis. 

This  fact,  that  in  certain  |)eripheral  paralyses  galvano  muscular  con- 
tractility  may  remain  after  far  ado-muscular  lontractility  is  wholly  Icst^ 
was  first  pointed  out  by  Baierlacher  in  1S59.  His  observations  have 
since  been  conftrmed  by  Scliukj  Meyer,*  Althaus,  Hammond,  Radcliffe, 
Ziemssen,f  Legros  and  Onimus,J  ourselves,§  and  otlier  observers.  (See 
section  on  peripheral  paralysis.) 

iSonie  of  ihe  more  si>ecific  principles  on  which  electricity  is  used  as 
a  means  of  diagnosis  in  medicine  may  be  thus  stated.  Although  con- 
tractions occur  only  on  closing  or  opening  the  current,  yet  we  distin- 
guii.h  four  kinds  designated  by  the  following  abbreviations:  ist,  C.  C. 
C.  ;  2d,  A.  O.  C. ;  3d,  A.  C.  C.  ;  4th,  C.  O.  C. 

The  first  is  the  cathodal  closure  contraction,  and  occurs  when  the 
cathode,  or  negative  pole,  is  applied  to  the  nerve  or  muscle,  and  the 
current  closed. 

The  second,  anodal  opening  contraction^  occurs  when  the  anode  or 
positive  pole  is  applied  to  the  nerve  or  muscle  and  the  circuit  opened. 

The  third,  anodal  closure  contraction,  occurs  when  the  anode  is  ap- 
plied and  the  current  closed. 

The  fourth,  cathodal  opening  contraction,  occurs  when  the  cathode 
is  applied  and  the  current  opened. 

The  readiness  with  which  these  various  contractions  are  induced 
relatively  to  each  other,  depends  altogether  upon  the  strength  of  the 
current  and  the  condition  of  the  nerves,  whether  diseased  or  healthy. 
If  on  the  healthy  nerve  or  muscle  the  negative  pole  is  pressed,  and  a 
current  of  sufficient  strength  employed,  it  will  be  found  that  on  closing 
the  circuit  a  contraction  takes  place.  In  order,  however,  to  induce  a 
contraction  of  the  same  vigor  on  opening  the  circuit,  it  is  necessary 


•Op.  cit.,  p.  417. 
J  Op.  cit,,  p.  6l. 


t  Electricitat  in  der  Medicin^  1866,  p.  76. 
§  New  York  Medical  Record^  1868,  p.  409. 
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that  the  strength  of  the  current  be  increased.  Each  one  can  readily 
confirm  this  statement  for  himself,  and  by  experimenting  thoroughly  it 
will  be  found  that  contraction  in  the  healthy  muscle  occurs  in  the  order 
just  given. 

In  diseased  conditions,  however,  this  formula  is  subject  to  great  va- 
riations. The  readiness  with  which  a  muscle  contracts  to  electrical 
influences  may  be  increased.  This  occurs  in  certain  cases  of  hemi- 
plegia associated  with  an  irritative  lesion ;  and  in  the  early  stages  of 
facial  paralysis  due  to  the  action  of  cold  associated  with  a  rheuuiatic 
diathesis.  In  these  cases  the  intra-muscular  nerves  are  attacked  from 
ihe  beginning,  while  there  is  but  little  if  any  alteration  of  the  muscular 
^  fibres.  The  faradic  current  causes  contractions  through  the  intra-muscu- 
lar nerves  ;  therefore,  in  cases  such  as  the  above,  its  power  to  produce 
muscular  contractility  is  lost.  The  galvanic  current,  acting  more  espe- 
cially on  the  muscular  fibres,  retains  its  power,  and,  as  experience  shows, 
a  milder  current  will  cause  contractions  than  is  found  necessary  for  the 
healthy  muscle.  As  the  patient  improves,  it  takes  an  increased  tension 
of  galvanism  to  cause  the  same  effects,  until,  finally,  farado-muscular 
contractility  becomes  manifest.  Again^  the  readiness  of  contraction 
may  be  decreased  and  finally  abolished,  as  in  the  late  stages  of  bulbar 
paralysis  ;  occasionally  in  paralysis  following  acute  diseases,  in  myeli- 
tis, and  in  progressive  muscular  atrophy. 

The  above  are  termed  quantitative  nactionSy  consisting,  as  has  beeo 
stated,  in  a  simple  increase  or  diminution  in  the  quickness  of  re- 
sponse to  a  current  of  given  strength.  Qualitative,  which  includes  as 
well  quantitative  changes — in  other  words  termed  the  reaction  of  degen- 
tralton — consist  in  an  alteration  in  the  order  of  occurrence  of  the 
contractions.  These  changes  are  observed  in  any  form  of  traumatic 
f>aralysis  where  the  continuity  of  the  nerve  has  been  completely  inter- 
rupted, in  rheumatic  paralysis  associated  with  compression  at  some 
point  of  the  nerve,  in  lead  palsy,  many  forms  of  infantile  i>araly5is,  in 
spinal  paralysis  where  the  gray  matter  is  much  involved,  in  progressive 
muscular  atrophy,  in  some  cases  of  neuritis,  bulbar  paralysis,  in  cases 
of  pressure  on  the  nerve  by  tumors  or  cicatrices,  etc.,  and  in  some 
paralyses  the  result  of  acute  diseases. 

The  normal  formula  becomes,  in  the  above  cases  of  paralysis,  sub- 
ject to  the  following  changes :  The  negative  pole  at  its  closure  (C.  C. 
C.)  becomes  as  weak  or  even  weaker  than  the  positive  (A.  C.  C),  and 
the  positive  pole  at  its  opening  (A.  O.  C.)  becomes  weaker  than  the  neg- 
ative at  its  opening  (C.  O,  C).  At  the  same  time  the  contractions  be- 
come weaker  and  less  rapid  than  in  health.    When  the  circuit  is  closed 
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the  comraclions  are  also  liable  to  become  tetanic,  while  rapid  interrup 
tions  of  the  galvanic  current  utterly  fail  to  cull  forth  any  response. 

Volitionai  Contractility  inay  exist  when  EUctrv-contractility  is  di- 
minished.— The  volitional  power  may  remain  when  the  electric  contracti- 
lity is  diminished  If  a  muscle  exhibits  diminution  of  contractihty  undei 
electric  irritation,  but  reacts  normally  to  the  «'///,  the  conclusion  is  that 
the  muscle  is  not  injured,  but  that  the  abnormity  is  caused  by  change  in  ' 
the  irritability  of  the  intra-muscular  fibres.  This  is  observed  in  certair* 
stages  of  traumatic  and  lead  paralysis.  We  arrive  at  the  same  conclu- 
sion in  those  cases  where  the  muscles  refuse  to  contract  under  direct, 
but  respond  normally  to  indirect,  electrization. 

Muscles  of  the  eye  are  an  exception  to  this  rule,  since,  from  their 
anatomical  position,  they  cannot  be  made  to  contract  by  direct,  bu* 
only  by  indirect,  reflex  action  from  the  fifth  pair. 

Cases  where  reaction  is  lost  both  to  the  will  and  electricity  indicate 
actual  injury  of  the  muscle. 

Furthermore,  it  should  be  considered  that  the  electro-muscular  con- 
tractility and  sensibility  of  diseased  muscles  may  be  and  are  greatly 
modified  by  the  treatment,  both  permanently  or  temporarily.  Modifi- 
cation may  take  place  even  during  the  stance. 

Thirdly.  That  the  special  physiological  reactions  of  the  centra 
and  peripheral  nervous  systems  to  the  galvanic  current  are  essentiaU^ 
changed  when  the  nerve  is  in  a  pathological  condition. 

This  is  true  of  the  spinal  cord,  the  motor  and  sensory  nerves,  spina 
cord  and  nerves  of  special  sense,  and  of  the  sympathetic.  Accordin 
TO  Benedikt,  if  the  negative  pole  is  placed,  for  example,  on  the  perc 
neal  nerve,  and  the  positive  on  the  patella,  with  an  internipted  curren 
a  weaker  irritation  appears  than  when  the  positive  pole  is  placed  o 
the  cervical  or  himbar  vertebn^.  The  more  the  central  parts  are  ii 
eluded  in  the  circuit  the  greater  the  irritation.  In  pathological  coi 
dilions  this  reaction  is  changed. 

Opening  contractions  are  regarded  by  Benedikt  as  characterist 
evidences  of  certain  forms  of  locomotor  ataxy.  They  are  observ< 
also  in  neuritis  and  in  chorea  minor.  They  indicate  a  molecular  d" 
turbance.  They  accompany  bodi  increased  and  diminished  irritabilit 
usually  the  latter.' 

Nerves  of  Spec  ta*  Sense. — The  changes  of  the  reacrion  of  the  nerves 
special  sense  toe'.cctric  irritation  maybe  holhqitantiiative tkrxdqualitaii'i 

•  These  views  of  Benedikt.  concerning  the  significance  of  •*  opening  contraction, 
have  been  severely  criticised  by  Brenner  (*'  Untersuchongen,"  &c,,  Bd,  ii.,  1869, 
aiS,  et  seq.). 
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Auditory  Nerve. — It  has  been  shown  that  the  reaction  of  the  auditory 
I  rve  to  galvanic  irritation^ the  strong  subjective  sensations  of  sound 
-  IS  materially  changed  by  disease  ;  and  by  this  we  judge  of  the 
condition  of  the  nerve.     (See  Diseases  of  the  E^r.) 

Optic  Nerve. — The  reaction  of  the  optic  nerve  under  the  influ- 
ence of  the  galvanic  current,  is  attended  with  flashes  of  light.  The 
qualitative  changes  in  reactions  of  the  optic  nerve  to  electrical  irrita- 
tion are  numerous.  In  certain  pathological  cases,  as  we  have  observed, 
flashes  of  light  may  be  produced  by  the  faradic  current.  In  other 
pathological  cases,  as  severe  atrophy  of  the  retina,  the  flashes  of  light 
do  not  appear  during  galvanisation,  or  only  when  a  very  strong  current 
is  used.  We  have  observed  very  marked  differences  in  the  reaction  of 
the  optic  nerve  in  the  two  eyes  when  one  was  diseased  and  the  other 
healthy.  Flashes  of  light  from  galvanization  of  the  lower  part  of  the 
spine  are  indicative  of  abnormal  irritability  or  organic  disease  of  the 
spinal  cord.  They  are  observed  in  locomotor  ataxia  and  spinal 
irritation. 

Olfactory  and  Gustatory  Nerves. — The   peculiar  smell  that  is  ex- 
perienced on  galvanization  of  the  olfactory  nerve  may  be  either  in- 
creased or  diminished  by  disease.     It  is  absent  in  paralysis  of  the  olfar 
tory  nerve. 

The  peculiar  metallic  taste  that  follows  galvanization  of  the  tongue, 
or  that  is  experienced  by  reflex  action  when  the  galvanic  current  is  ap- 
plied on  the  neck  and  upper  part  of  the  spine,  is  subject  to  various 
modifications  by  disease.  In  irritable  conditions  of  the  cord  we  have 
observed  that  this  metallic  taste  will  appear  when  the  application  is 
made  in  the  lower  part  of  the  spine.  In  two  striking  instances  it  was 
experienced  from  faradization  of  the  cilio-spinal  region. 

Fourth.  The  fact  that  in  certain  central  diseases,  and  in  conditions 
ff  great  irritability,  as  hysteria^  the  re/lex  effect  of  the  current  is  so 
txaltedcu  to  excite  recLctions  that  in  a  normal  condition  of  the  body  netter 
appear.  Thus,  in  a  lady  of  middle  life,  who  for  several  years  had  suf- 
fered from  all  the  sj*mptoms  of  declared  chronic  myelitis,  we  were  fir^*^ 
struck  by  the  fact  that  even  a  very  mild  current  over  the  upper  portion 
jf  the  back  was  sensitively  felt  down  the  right  leg.  This  symptom  we 
h-ve  never  known  to  occur  in  a  perfectly  healthy  condition  of  the 
fcpinal  cord.  Afterwards  we  found  that  a  very  short  as  well  as  very 
mild  application  of  the  current  to  one  leg  caused  a  disagreeable  feeling 
of  pain  and  heaviness  not  only  in  this  leg,  but  also  in  the  other,  for 
several  days  following  the  application.  In  another  case  of  general 
^aralysis  dependent  on  hysteria,  a  very  feeble  current  localized  in  one 
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Itt  Om  GtM  or  a  M(f  hImk  lower  finbs  had  been  somewhat  pan* 
}ymi  for  tmo  ywr^  «bo  |N«MMed  ao  imu-ked  symptoms  of  severe 
f  of  Alt  cor^  we  were  indined  to  suspect  that  her  para- 
t  bt  4m  10  WffOM  cdMUKDon,  until  this  abnormal  reflex 
\  10  Iho  lUelric  ooncal  seemed  to  estabUsh  the  existence 
of  aifO&ttis  or  at  XttM  mfmmf/6a.  We  first  observed  that  a  feeble  cor- 
vont  in  iIm  neck  won  Mt  intm  Ibe  l^^cne,  and  subsequently  the  patient 
wwykined  lilM  n  onoog  OOROM  down  the  lower  exiretnities  trans- 
mimA  ptm  lo  the  bo^  Tlie  ooourence  of  this  abnormal  s>'mptO[n 
Ibecod  in  to  the  nnwdlinf  condneion  that  we  were  dealing  with  a  case 
of  oiclBic  dbetM  of  the  tpino.  The  subsequent  history  of  the  case 
hot  oonttnied  ^b  dnignoeb.  It  has  been  shown  by  Bencdikt,*  that» 
in  certain  nwrbid  condition^  ^ccthiatiou  of  one  extremity  produces 
contractions  in  die  otlMr«  TbU  i^henomenon  has  been  observed  in 
pvQfronivo  omeonlv  mrafthy,  and  in  certain  retlex  neuroses.  In  a  case 
of  iheuimde  fOul  dint  we  treated  die  afnilication  of  the  galvanic  cur- 
rent  to  the  left  knee  ctiOMd  a  sharp  pain  in  the  corresponding  part  of 
die  tight  knee. 

This  taucl  enables  u»  not  cmly  to  make  a  diagnosis  of  central  disease, 
but  in  certain  cases  even  to  suspect  the  scat  of  the  affection. 

We  are  confident  that  in  all  cases  of  crossed  reflex  contractions 
—just  as  in  the  caMt  of  crossed  reflex  sensation  above  cited — there  is- 
always  soine  central  disease.  This  symptom  when  it  occurs  may  per- 
haps then  be  regaidcd  as  to  fiv  forth  diagnostic 

Crossed  reflex  tensations  and  Grossed  reflex  contractions  may  be 
manifested  umxiltanei^isly  in  a  patient  affected  with  organic  disease  of 
the  spinal  cord.  This  singular  coincidence  was  observed  in  the  case 
above  recorded  of  the  lady  who  complained  of  waves  of  sensation  all 
over  the  body  when  the  current  was  applied  to  any  one  of  the  four  ex- 
tremities. These  ]»cculiar  sensations  were  sometimes  accompanied  by 
feeble  and  spasmodic  nuscular  contractions. 

General  shaking  and  tremor  of  a  limb,  or  of  the  whole  body,  after 
electrization,  is  also  diagnostic  of  central  disease.     We  have  observed  it 
in  one  case  of  softening  of  the  brain,  and  in  a  number  of  cases  of  hemi- 
plegia.    This  general  or  p.irtial  tremor  does  not  apfear  unless  a  con 
•  Die  Elektrotherapie,  p.  6^ 
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siderablc  strength  ol  current  has  been  employed,  or  the  application  ha.« 
been  much  prolonged. 

DipUgie  Contractions, — Remak,*  of  Berlin,  was  the  first  to  note  th» 
fact,  that  contractions  of  the  muscles  of  one  or  both  of  the  upper  extremi 
ties  may  sometimes  be  produced  by  placing  the  positive  pole  in  the 
auriculo-maxillary  fossa,  just  posterior  to  the  ascending  ramus  of  the  lowei 
jaw,  and  the  negative  by  the  side  of  the  sixth  cervical  vertebra.  Tht 
theory  of  Rem^k,  that  these  contractions,  to  which  he  gave  the  name  of 
**dipUgic^'  were  caused  by  irritation  of  the  superior  ganglia  of  the  syra 
pathetic,  was  apparently  confirmed  by  Fieber.f  by  experiments  on  ani 
nials  in  whom  the  sympathetic  was  exposed,  and  subjected  to  the  action 
of  the  current. 

Strong  currents — from  twenty  to  forty  elements — are  usually,  though 
not  always,  necessary  to  produce  these  contractions.  The  contractions 
may  be  of  various  degrees,  from  mild  drawing,  with  scarcely  perceptible 
oscillations,  to  violent  movements  resembling  chorea.  They  may  appeal 
in  the  interossei  or  in  the  muscles  of  the  arm  or  forearm  of  one  or  botli 
sides.  They  may  also  appear  in  other  positions  of  the  electrode  than 
the  one  described.  From  one  to  five  minutes  are  usually  necessary  to 
excite  them,  and  they  may  continue  for  a  few  moments  after  the  appli- 
cation has  ceased. 

That  these  so-called  diplegic  contractions  are  a  reality  and  not  a  de- 
lusion, as  some  have  declared,  we  have  demonstrated  in  a  number  of 
cases,  and  especially  in  progressive  musoilar  atrophy.  The  cases  where 
they  are  readily  demonstrated,  are,  according  to  our  observation,  not 
frequent,  and  we  can  easily  see  that  one  might  practise  electro  therapeu- 
tics for  a  long  time  without  seeing  any,  especially  as  currents  of  con- 
siderable strength,  applied  in  a  certain  manner,  are  necessary  to  pro- 
duce thera. 

The  evidence  that  these  contractions  occur  exclusively  through  the 
sympathetic  is  not  to  our  view  satisfactory,  and  there  is  stronger  proba- 
bility that  the  spinal  cord  is  the  centre,  which  in  certain  irritable  con- 
ditions exhibits  these  manifestations  under  strong  electrical  stimula- 
tion. In  none  of  the  methods  of  application  where  these  diplegic  con- 
tractions are  called  forth  is  it  possible  to  localize  the  current  in-  the 
sympathetic  The  special  diagnostic  value  of  these  contractions  is  nut 
grciL  They  occur  not  only,  in  progressive  muscular  atrophy,  but  in 
hysteria  and  h)  steroid  affections,  and   would  appear  to  be  pathogno- 

*  Applintion  cin  courant  constant  an  traitemest  des  neoroses.     Paris,  1865. 
f  Die  diplegischen   Contractioooi  nach   Verstxchea  an  Menschen  ttDd  Tlknu. 
tfcriin,  1866,  pp.  21,  22,  23. 


Dr.  AMhamf  recowh  meaatoimtptxtKd  iiHJny  lin^ffcai  he  studied 
bjr  dK  aid  of  ckcukky.  A  OKOibcr  of  a  woifciMgicrfs  benefit  sod- 
stj  professed  that  lie  hod  lost  fibc  me  of  Ihs  ana  m  oonseqaeoce  of  an 
aecidcBt — x  bXL — diree  years  befece.  The  question  was  wbetfaex  the 
sxaeCjr  dioaki  ghre  faim  die  j^too  to  vbidi  penaaneodj  imraparhaied 
■lenbers  arc  entitled.  Thepadest,  thoogh  talaadstroi^liaddoDe  no 
vork  since  the  accident,  aod  proliessed  to  be  unable  to  undress  himselC 

On  exaimnation  with  tbe  £uadic  cmrent.  Dr.  Althans  found  that  all 
tbe  ronsdes  of  the  aim  responded  widmii  difficulty  ;  he  therefore  coa> 
duded  that  the  Dcrres  and  mixscles  were  uninjured — in  other  words, 
chat  tliere  was  no  paraljrsis.  He  found,  however,  that  when  a  very- 
strong  current  was  used  the  patient  appeared  to  suffer,  but  the  arm  did 
not  execute  the  morements  it  ^ould  do  when  the  muscles  contract. 
Accordingly,  he  had  the  patient  anaesthetized  by  nitrous  oxide  gas,  in 
order  to  see  whether  any  anchylosis  existed  that  might  interfere  with 
the  movements  of  the  arm.  It  was  found  that  no  anchylosis  existed. 
Dr.  Althaus  gave  a  certificate  that  the  patient  had  no  paralysis  and 
no  anchylosis  or  dislocation,  but  that  there  was  a  painful  affection  of 
Che  joint  which  would  yield  to  subcutaneous  injections  of  morphia  and 
galvanism,  and  that  the  patient  could  use  the  arm  if  he  wished  to. 
The  claim  for  benefit  money  was  disallowed. 

Fara^itation  as  a  means  of  distinguishing  real  from  apparent  deaths 

*  Laacet,  April  i6,  187a  f  Tiusd  Edition,  p.  455. 
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EU(ir<hBios£opy. — The  use  of  electricity  as  a  means  of  dstinguishing 
real  from  apparent  death  was  suggested  as  long  ago  as  1797,  by  Dr». 
Behreud  and  Creve.  Subsequently  Boer,  of  Vienna,  used  franklinic 
ricctricity  on  newly-born  infants,  and  found  that  when  muscular  con- 
tractions  still  existed,  then  the  child  was  not  dead,  but  could  be  re- 
stored. 

In  1852,  Dr.  Criinotel,  of  Paris,  wrote  a  memoir  in  which  he  stated 
that  when  farado-contractility  is  gone,  life  is  extinct.  He  stated  fur- 
thermore that  farado-contractility  gradually  disappears  after  death,  and 
that  after  a  period  ranging  between  half  an  hour  and  two  hours  it  en- 
tirely disappears.  He  suggested  the  term  dcctro-bioscopy^  and  recom- 
mended  that  those  who  are  apparently  dead  from  drowning,  syncope, 
apoplexy,  freezing,  hysteria,  and  the  inhalation  of  poisonous  gases, 
should,  before  burial,  be  tested. 

Rosenthal,  of  Vienna,  has  also  studied  the  subject  with  much  care. 
He  has  found  that  both  farado-  and  gal vano  contractility  gradually  disap 
pear  after  death.  He  agrees  in  the  main  with  Crimotel  in  the  follow- 
ing general  conclusions : 

EUctro-contractility  disappears  mon  rapidly  after  death  from  chronic 
than  acute  diseases  ;  it  persists  longer  in  well  than  in  badly  nourished 
bodies,  and  it  usually  disappears  within  three  hours. 

Rosenthal  found  that  in  amputated  limbs  the  farado-  and  galvano-coa- 
tractility  were  active  the  first  hour,  and  entirely  disappeared  in  ninety 
minutes.  In  case  of  drowning  electro-contractility  disappeared  in  three 
hours  and  a  quarter.  In  some  cases  where  rigor  mortis  has  not  ap- 
peared, where  the  temperature  of  the  body  is  yet  quite  high,  and  where 
the  joints  are  flexible,  the  absence  of  electro-contractility  yet  proves 
beyond  question  that  the  person  is  dead. 

Rosenthal  further  records  a  very  remarkable  case  of  trance  in  a  hys- 
terical woman,  where  it  was  declared  and  believed  by  the  physician 
that  the  patient  was  dead.  The  skin  was  pale  and  cold  ;  the  pu- 
pils contracted,  and  not  sensitive  to  light ;  no  pulse  could  be  felt  ; 
the  extremities  were  relaxed;  melted  sealing-wax  dropped  on  the 
skin  caused  no  reflex  movements,  and  no  moisture  appeared  on  a 
mirror  held  before  the  raouth.  Respiratory  murmurs  could  not  be  heard, 
but  a  feeble  intermittent  sound  in  the  cardiac  region  was  just  percepti- 
ble on  auscultation.  For  thirty  two  hours  the  patient  had  *>een  appar 
ently  dead ;  but  on  electric  examination  Rosenthal  found  farado-con- 
tractility in  the  muscles  both  of  the  face  and  the  extremities.  He 
therefore  urged  the  use  of  the  faradic  current  to  restore  the  patient 
la   twelve  hours  the  patient  recovered  her  speech  and  moyemeDt& 
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Two  yean  aftenraidf  the  was  alire  and  wdl,  and  informed  Rosenthal 
that  the  knew  nothing  aboot  the  commencement  of  die  attack  of  the 
trance,  and  diat  afterwards  she  heard  peofde  talk  about  her  death,  b-it 
she  was  powerless  to  help  henelC 
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ELECTRO-THERAPEUTICAL   ANATOMY. 


EUetro-th€rapeuti<:al  anatomy  includes  a  description  of  the  localities  ai 
Vfhich  the  different  nerves^  muscles ^  and  organs  can  be  best  affected  by 
the  electric  currents^  and  also  the  relative  electro-sensibility  of  the  dif 
ferent parts  of  the  body.  It  is  therefore  to  electro-therapeutics  what 
surgical  anatomy  is  to  surgery. 

Motor  Points  of  Muscles. — ^The  subject  of  the  motor  points  was  &rst 
systematically  studied  by  Ziemssen,  who  experimented  on  the  recently 
dead  subject,  and  marked  with  nitrate  of  silver  the  points  at  which  the 
individual  nerves  and  muscles  most  readily  responded  to  faradization. 
Many  of  these  points  can  be  easily  and  successfully  studied  on  the  living 
human  subjecL  Those  which  we  have  represented  in  the  cuts  are  derived 
mostly  from  numerous  observations  on  persons  in  health.  They  have 
been  found  to  agree  in  the  main  with  those  of  Ziemssen,  with  which 
they  have  been  compared^  and  by  which  they  have  been  made  more 
accurate  and  complete.  Those  who  wish  to  examine  the  subject  in 
greater  detail  are  referred  to  the  work  of  Ziemssen.* 

it  will  be  found,  however,  that  those  which  are  here  described  are 
sufficient  for  most  of  the  purposes  of  electro-therapeutics. 

The  best  method  of  verifying  these  points  is  to  place  one  large 
sponge  electrode,  well  moistened,  on  some  indifferent  point,  and  to 
firmly  press  a  small  negative  f  electrode,  also  well  moistened,  over  the 
spot  where  the  nerve  or  muscle  should  be  affected.  If  the  right  place 
is  touched,  and  the  strength  of  the  current  and  the  pressure  be  suffi- 
cient, the  normal  physiological  action  of  the  part  affected  will  at  once 
appear.  In  the  case  of  muscles  contraction  will  take  place,  accom- 
panied with  a  feeling  of  contraction  ;  in  the  case  of  nerve- branches  and 
plexuses,  there  will  be  sensation  more  or  less  painful  along  ihe  periphe- 
ral ramifications  of  the  nerves,  and,  if  the  excitation  be  sufficiently 
itrong,  contraction  of  the  muscles  which  they  supply. 

*  Die  Electricitiit  in  der  Medicin.     Berlin,  1866.     p.  154,  et  seq. 
\  The  negative  is  to  be  preferred,  because  it  is  the  tlronger,  and  acu  more  powci 
felly  in  producixig  contractions 
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It  is  Qot  to  be  ondetstood  dni  a  itfwiotrt  n;gird  for  all  of  these  elec 
trk  points  is  alwajs  ntcessuf  m  mmking  applications  of  electricity.  lo 
the  namal  oooditkMi  most  of  the  sapcxfidal  vul  many  of  the  deepet 
muscles  asul  oervcs  are  easOj  excited  hj  ordinary  labile  applications 
with  Urge  spoc^  electrodes.  Some  oC  the  muscles  have  two  or  more 
motor  ix)iDts,  axid  are  therefare  more  mdilj  affected  by  large  than  by 
small  electrodes. 

A  largp  sponge  electrode  of  firam  3  to  6  or  8  inches  in  diameter,  folded 
over  a  brass  ball,  sudi  «s  is  osed  in  geoeral  (aradiration, — causes  full 
ooDttaution  of  ana^oct^  of  Ibe  safKcfioalaaddeep  muscles  when  rapidly 
passed  ap  and  down  th«  Umbs. 

But  when  the  auascks  have  become  diseased,  so  that  they  respond 
with  difficult  to  the  electric  airrent,  it  becomes  necessary  to  give  spe- 
cial heed  to  the  sitoatiOQ  of  tbese  motor  points,  in  order  to  determine 
tb(^  actual  electnc  coiKfition,  or  to  aid  in  restoring  them  to  their  nor- 
mal condition  by  exciting  artificial  contraction. 

It  should  be  remarked  furthermore,  that  these  motor  points  vary  in 
different  individuals*  just  as  the  anatomical  relation  of  the  nerves  and 
muscles  varies,  and  that  the  representations  of  the  cuts  can  be  only 
approximately  correct 

The  points  at  which  the  nerves  and  muscles  of  the  eye,  ear,  and 
larynx  can  be  best  electrized,  also  the  best  method  of  electrizing  the 
oesophagus,  rectum,  genital  and  abdominal  organs,  will  be  described  in 
the  chapters  devoted  to  the  diseases  of  those  parts. 

We  present  below  a  brief  description  of  the  points  at  which  the  pnn> 
dpal  nerves,  plexxises,  and  branches  can  be  best  exdted  electrically, 
and  also  the  physiological  effect  on  the  nerves  and  muscles  produced 
by  such  excitation. 

Facial — at  its  exit  from  the  stylomastoid  foramen,  between  the  mas- 
toid process  and  the  angle  of  the  lower  jaw,  or  at  the  opening  of  the 
external  auditory  canaL 

Fncumogastru — at  the  lower  and  anterior  part  of  the  neck,  between 
he  common  carotid  artery  and  the  jugular  vein  j  inf trior  iaryngeal — 
between  the  oesophagus  and  the  trachea  by  the  ganglia  of  the  sympa- 
thetic. 

The  superior  cervical  ganglion  of  the  sympathetic  can  be  reached  in 
the  anterior  maxillary  fossa,  just  behind  and  below  the  angle  of  the 
lower  jaw ;  the  middle  cervical,  by  the  side  cf  tlie  sterno-cleidoinastoid 
musde,  opposite  the  fifth  cer\'ical  vertebra ;  the  inferior  cervical^  also 
\y/  the  inner  border  of  the  stemo  dcido-mastoid  muscle,  opposite  the 
•econd  cervical  and  first  dorsal  vertebrae. 
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Accessory — at  its  exit  from  'Jic  sterno-cleido-maAtold  musde. 

Hypoglossus — between  the  stylohyoid  and  hyoglossijs  muscles,  nndei 
the  hyoid  bone. 

Phrenic— 2X  the  outer  border  of  the  stemo-cleido-mastoid  muscle, 
by  the  anterior  border  of  the  scalenus  amicus,  near  the  omohyoid  mus- 
cle.    Excitation  of  this  nerve  causes  strong  movements  of  the  chest. 

Brachial  plexus — in  the  supraclavicular  space,  posterior  to  the 
outer  border  of  the  stemo-cleido-mastoid  muscle.  Excitation  of  this 
plexus  causes  a  feeling  of  tingling  and  numbness  in  the  fingers  and 
down  the  arm,  and,  when  the  current  is  strong,  flexion  of  the  forearm 
and  fingers. 

Dorsalis  scapula — at  the  border  of  the  trapezius,  near  the  accessory. 

Supra  scapular  is — just  before  its  entrance  into  the  scapula,  and  ex- 
ternal to  the  omohyoid  muscle. 

Anterior  thoracic — at  the  upper  border  of  the  pectoralis  major,  below 
the  clavicle. 

Posterior  thoracic — above  the  clavicle,  near  the  trapezius. 

The  thoracic  nerves  arc  irregular  in  their  distribution,  aod  therefore 
difficult  to  find. 

Axillary — at  the  upper  and  posterior  border  of  the  axilla. 

.  Musculo  cutaneous — between  the  biceps  and  coraco-brachialls. 

Median — in  the  lower  third  of  the  arm,  at  the  point  where  it  crosses 
the  brachial  artery.  Mild  excitation  of  this  nerve  causes  tingling  in  the 
arm  and  fingers ;  a  strong  excitation  causes  closure  of  the  fingers  and 
pronation  of  the  hand. 

Ulnar — at  the  groove  between  the  olecranon  and  the  internal  con- 
dyle. Excitation  of  this  nerve  causes  pain  in  the  inner  surface  of  the 
forearm  and  contraclion  of  the  flexor  carpi  ulnaris,  flexor  digitorum 
profundus,  adductor  poUicis  lumbricalis,  and  interossei  of  the  little 
finger. 

Radial^oi  the  lower  third  of  the  arm,  at  the  point  of  its  emergence 
from  beneath  the  triceps.  Excitation  of  this  nerve  causes  tingling  in  the 
outer  part  of  the  arm  and  forearm,  and  down  to  the  wrist ;  strong 
excitation  produces  extension  of  the  first  phalanges  of  the  fingers,  ex- 
tension of  the  hand  and  thumb  and  supination  of  the  forearm,  contrac- 
tions of  the  extensor  car|>i  radialis  and  ulnaris,  extensor  digitorum  com- 
munis, extensor  minimi  dlgiti,  extensor  indicis  prop.,  extensor  poUicis 
longus  and  brevis,  adductor  polHcis. 

Sciatic — in  the  thigh,  posterior  to  the  head  of  the  femur,  at  the  point 
where  the  nerves  issue  from  the  pelvis,  or  in  the  pelvis,  through  the 
posterior  wall  of  the  rectum.     Electrization  of  this  nerve  causes  sensa- 
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doDS  of  tingling  in  the  leg  below  the  knee,  and  foot,  sinJUr  to  thost 

which  we  so  often  experience  when  we  accidentally  sit  on  :he  sciatic 
nerve. 

Crural — just  after  its  exit  from  beneath  Poupart's  ligament,  exterior 
to  the  crural  artery.  Electrization  of  this  nerve  causes  sensations  in 
those  parts  of  the  leg  that  are  supplied  by  its  branches. 

Obturator — on  the  horizontal  branch  of  the  pubic  bone.  If  the  ap- 
plication is  successful,  and  the  current  used  sufficiently  strong,  the  thigh 
is  abd  acted. 

Popliteal— \n  the  outer  part  of  the  popliteal  space.  Electrization  of 
this  nerve  causes  vigorous  contraction  of  the  muscles  that  move  the 
foot  upward  and  outward. 

Peroneal— o\\  the  posterior  border  of  the  capitulura  fibulae.  Excita- 
tioc  of  this  nerve  causes  contraction  of  the  tibialis  anticus,  peronei 
muscles,  extensor  digitorum  communis  longus,  extensor  dtgttorum  com- 
munis  brevis,  and  extensor  hallucis  longus. 

Tibial. — This  can  be  reached  on  the  middle  and  outer  part  of  the  knee. 
When  strongly  electrized,  contractions  arise  in  the  muscle  of  the  pos- 
terior part  of  the  leg.  The  tibial  nerve  can  more  easily  be  reached  in 
the  depression  posterior  to  the  internal  malleus. 

Farado-sensibility  of  the  Surface  of  the  Body.— Very  many  muscles 
have  no  accessible  motor  points,  and  must  therefore  be  electrized  intra- 
muscularly. Practically  this  is  done  in  the  majority  of  cases.  We  pre- 
sent in  the  accompanying  cuts  a  bird's-eye  view  of  the  electric  points  of 
the  prominent  nerves,  plexuses,  and  muscles^  and  of  the  relative  sen- 
sitiveness of  different  parts  of  the  surface  of  the  body  to  the  foradic  cnr* 
rent. 

The  relative  sensitiveness  of  the  different  parts  of  the  surface  of  the 
body  to  faradization,  we  have  also  ascertained  by  numerous  compara 
live  observations  on  persons  in  health,  with  the  moistened  hand  and 
well-moistened  sponge  electrodes.  The  method  of  making  these  obser- 
tions  is  to  place  the  patient  in  the  position  for  general  faradLtation,  with 
his  feet  on  the  plate  to  which  the  negative  pole  is  attached,  while  the 
experimenter  applies  the  positive  all  over  the  surface  of  the  body. 

Degrees  of  Farado-sensibility. — We  have  distinguished  five  degrees 
of  sensitiveness,  the  highest  being  marked  one.  For  all  practical  pur- 
poses these  are  sufficient ;  approjLimate  accuracy  is  all  that  is  attempted. 
The  sensitiveness  of  the  body  when  irritated  by  the  faradic  current  is 
due  partly  to  the  quality  and  position  of  the  sensory  nerve  s»  and  partly 
to  the  peculiar  feeling  that  attends  muscular  contracdon  {[electro>iiii]*> 
cular  sensibility). 
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The  feeliog  of  muscular  contraction  amounts  in  some  instauces  to 
actual  pain,  so  that  a  part  which  is  not  richly  supplied  with  sensory 
nerves  may  >  et  be  very  sensitive  to  the  current.  This  is  especially  the 
case  with  the  sternocleido-masloid  muscle,  which  on  being  touched 
near  its  centre  contracts  with  a  painful  jerk.  The  same  is  true,  to  a 
less  extent,  of  the  trapezius,  the  flexors  of  the  ann,  and  of  the  pen  nei 
muscles.  In  all  parts  where  no  muscular  contractions  are  produced, 
the  sensitiveness  of  the  surface  of  the  body  depends  on  the  quality  and 
position  of  the  sensory  nerves,  and  bears  a  pretty  constant  relation  to 
its  sensitiveness  to  ordinary  mechanical  irritation. 

Thus  it  will  be  observed  that  the  parts  which  are  most  sensitive  to  i^ 
blow  or  fall^  or  to  any  mechanical  injury, — as  the  head,  face,  or  surface 
of  the  bones,  clavicle,  sternum,  scapula,  patella,  etc, — are  likewise 
marked  highest  in  the  scale  of  sensitiveness  to  the  current. 

To  guard  against  error  it  is  necessary — 

1.  To  use  always  the  same  electrode  and  the  same  direction  of  the 
current  ;  therefore  the  negative  pole  should  be  kept  at  the  feet  during 
the  entire  sitting. 

2.  To  make  the  pressure  of  the  electrodes  uniform,  and  to  moisten 
well  all  parts  supplied  'n-ith  hair. 

3.  To  use  the  moistened  hand  for  the  head  and  face.  The  head,  es- 
pecially, is  so  exceedingly  sensitive  to  the  faradic  current  that  it  will 
hardly  bear  a  sufficient  strength  of  current  through  a  sponge  to  make  a 
comparative  estimate. 

It  will  be  observed  that  only  a  few  parts  are  marked  5 — the  middle 
of  the  back,  the  outer  surface  of  the  thigh,  and  the  testicles.  The  peri- 
naeuin,  which  cannot  be  represented  in  the  cut,  should  also  be  marked 
5.  It  will  be  observed  that  the  points  most  highly  sensitive  are  those 
where  very  sensitive  nerves  pass  over  the  surfaces  of  bones,  as  the  head 
ind  jaws.  Of  the  other  parts  not  represented  in  the  figures,  the  external 
auditory  canal  should  be  marked  i  ;  the  middle  of  the  stemo  cleido-mas- 
toid  muscle,  2  ;  the  axilla,  3  ;  and  the  ends  of  all  the  fingers,  2 ;  the 
under  side  of  the  penis,  2  ;  the  point  between  the  penis  and  scrotum,  4 ; 
the  under  surface  of  the  heel,  the  plantar  arch,  the  ball  of  the  foot,  4.  If 
the  external  auditory  canal,  drum  of  the  ear,  conjunctiva,  nasal  mucous 
membrane,  tongue,  and  larynx  were  represented  they  should  be  marked 
a  degree  or  two  higher  than  i,  since  they  are  more  sensitive  than  any 
portion  of  the  surface  of  the  head.  The  best  point  to  test  a  current  of 
extreme  feebleness  is  the  tip  of  the  tongue. 

T^r  rectum,  urethra,  and  vagina  are  but  little  sensitive  to  the  current 
in  comparison  with  the  mucous  membranes  of  the  mouthy  except  at  thciy 
«9 
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external  orifices.     They  mij^t  be  marked  4  or  5.  The  os  uteri  &od  the] 

bladder  would  be  marked  4,  5. 

It  should  be  distinctly  understood  that  these  remarks  apply  to  Ihel 
applications  of  the  faradic  current  with  electrodes  sufficiently  moistened 
to   allow  the  ctirrent  to  pass  readily  through  the  epidermis.     In  dry 
Caradi  nation  the  results  are  somewhat  different,  the  pain  at  ail  parts  be*^ 
tng  far  less. 

J'aradO'Sensibility  as  compared  with   Galvano-sensibUtiy, — ^The  gal- 
vanic current  causes  a  burning  sensation  wherever  it  is  apphed  ;  but  this  I 
is  most  sensitively  felt  at  those  parts  that  are  abundantly  supplied  by 
sensory  nerves.     This  burning  feeling  increases  with  the  length  oi  time 
that  Ae  current  is  applied. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as  com- 
pared with  the  galvanic  current,  is  due  to  the  greater  mechanical  action 
of  the  former.  An  interrupted  galvanic  current,  of  sufficient  strength 
to  produce  muscular  contractions,  produces  the  same  sensations  as  the 
faradic  current,  with  the  addition  of  the  burning  feeling  at  the  surlace 
beneath  the  electrodes.  The  fact  that  the  galvanic  current  is  less  pain- 
ful to  the  surfaces  of  the  bones  gives  it  a  certain  advantage  in  making 
applications  to  the  head,  although  the  pain  of  the  faradic  current,  when 
applied  to  the  head  by  the  moistened  hand,  may  be  reduced  to  a  mini- 
mum. 

A  Knowledge  of  the  Normal  Electro-sensibUity  of  the  Body  essential  in 
EUctro-^iagnosis  and  Electro-therapeutics. — A  knowledge  of  the  relative 
sensitiveness  of  the  diflfercnt  pans  of  the  body  to  the  electric  current 
is  indispensable  both  in  electro -diagnosis  and  electro-therapeutics.  It  is 
at  once  obvious  that  to  determine  by  the  electric  test  the  extent  of  anaes* 
thesia,  or  loss  of  electro-muscular  sensibility,  in  cases  of  paralysis,  with- 
out  a  previous  knowledge  of  the  normal  sensitiveness  of  the  parts  to  the 
electric  current  and  the  normal  feeling  of  electro-muscular  sensibility  in 
the  affected  muscles,  is  simply  impossible.  From  a  want  of  this  knowl- 
edge very  important  mistakes  are  made  in  electro-diagnosis.  In  local 
and  general  faradization  a  knowledge  of  the  relative  sensitiveness  if  all 
the  parts  of  the  surface  of  the  body  enables  one  to  make  an  application 
which  would  otherwise  be  painful,  and  perhaps  injuricus,  both  painlew 
and  refreshing. 
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The  general  principles  on  which  batteries  are  constructed,  as  wel 
as  minute  description  of  some  of  the  best  known  elements,  have  already 
.  been  presented  in  the  section  on  electro-physics.  In  this  chapter  we  pro- 
pose to  speak  only  of  those  combinations  of  elements  that  are  used  in 
electro-therapeutics,  and  our  descriptions  will  be  of  a  general  character, 
having  reference  mainly  to  the  practical  use  and  care  of  them  by  the 
electro-therapeu  tist 

Before  entering  on  the  description  of  apparatus  a  few  general  re- 
marks may  be  appropriate. 

1.  A  good  battery  is  not  all  that  is  necessary  to  make  a  good  elertrn. 
therapeutist. 

There  exists  an  impression,  quite  widely  prevailing  in  the  profession, 
that  the  beginning  and  the  end  of  the  great  science  of  electro  therapeu- 
tics is  lo  get  a  battery.  This  impression  has  wrought  much  evil.  It 
has  been  the  means  of  leading  physicians  to  invest  lime  and  patience 
and  money  in  a  department  for  which  they  have  no  qualification.  The 
purchase  of  a  battery  is  simply  a  first  step  in  the  right  direction ; 
it  is  the  beginning  of  a  long  road. 

One  who  uses  electricity  in  medicine  requires  good  apparatus,  just 
as  the  surgeon  requires  good  instruments  and  the  carpenter  good  tools ; 
but  as  tools  cannot  make  a  carpenter,  nor  instruments  a  surgeon,  so  a  bat- 
tery cannot  make  one  skilful  in  the  therapeurical  use  of  electricity.  It  is 
not  the  battery,  it  is  the  brains,  that  makes  a  good  electro  therapeutist. 

2.  The  best  and  most  recent  apparatus  is  not  so  simple  as  to  entirely 
dispense  with  the  need  of  care  and  experience  on  the  part  of  the  physi- 
cian. 

The  advance  in  the  construction  of  apparatus  for  electro-therapeu- 
tics has  been  very  great,  but  not  sufficient  to  make  it  possible  for 
(kradic  or  galvanic  apparatus  to  keep  in  order  without  attention. 

Just  as  the  fire  in  the  grate  goes  out  unless  the  cotl  is  replenished, 
li'st  as  the  gas  is  extinguished  when  the  supply  is  shut  off,  so  elechicity 
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generated  in  a  battery  ceases  to  flow  unless  the  metals  consumed  in  tht 
chemical  action  are  replaced  or  repaired. 

The  best  and  simplest  of  batteries  will  soiaetimes  get  out  of  ordei. 
Unexpected  contingencies  will  arise  that  demand  some  knowledge  of 
applied  electro- physics.  The  knowledge  can  be  obtained  only  by  study 
and  experience. 

3.  Whatever  choice  we  make  in  our  apparatus  at  the  present  day,  we 
ihail  probably  not  make  any  very  serious  mistake.    A  few  years  ago  it  wa» 
impossible  to  get  a  really  good  apparatus  for  electro-therapeutics  ;  now  \ 
it  is  almost  impossible  to  get  a  really  bad  one. 

4.  An  apparatus  to  which  we  are  accustomed  is  much  more  tractablo  , 
in  our  hai^ds  than  a  far  superior  apparatus,  the  management  of  which  i* 
new  to  us.     It  is  with  batteries  a*?  with  babiei^-every  man  thinks  his  own' 
is  the  best.     We  see  the  same  principle  illustrated  in  instruments  for 
general  and  special  surgery. 

27ie  Induttion  Coil:  Its  Varieties^  and  the  Differential  Indie ationt 
for  their  6^^.— There  are  in  the  market,  and  in  common  use  among 
physicians,  two  quite  different  forms  of  apparatus.  The  first  is  termed 
a  separate  coil,  and  the  second  a  eontimwus  or  single  coil  apparatus. 
The  separate  coil  apparatus  is  the  one  most  commonly  used  and  the 
one  most  generally  understood.  The  separate  coil  is  the  variety  de- 
scribed  and  illustrated  in  every  text-book  of  physics,  but  not  in  sufficient 
detail  to  make  clear  its  mechanism  when  used  for  medical  purposes 
The  accompanying  diagram  (Fig,  44)  illustrates  the  course  and  in 
fluence  of  the  electric  current  in  an  ordinary  separate  coil  faradi< 
apparatus. 

All  induction  machines  are  composed  of  not  less  than  two  coil* 
The  first  or  primary  coil  consists  of  a  large,  well-insulated  wire  sui 
rounding  a  bundle  of  soft  iron  wire,  which  forms  a  magnetic  centre 
Over  this  first  or  primary  coil  is  wound  a  coil  composed  of  several  cor 
volutions  of  fine,  well-insulated  wire  for  the  induced  current.  Th 
terminals  of  the  first  or  primary  coils  of  wire  are  united,  one  end  I 
the  battery  that  operates  the  coil,  and  the  other  to  the  part  of  th 
automatic  rheotome  according  to  the  following  description.  As  \\ 
battery  is  the  important  factor,  let  us  start  from  it  and  follow  the  coi 
neclions  and  action  of  the  combinations  that  produce  the  effect  : 

The  positive  pole  (P)  of  the  battery  is  connected  with  the  governi 
marked  A  (Fig.  44).  The  negative  pole  (N)  of  the  battery  is  connects 
with  the  first  end  of  the  primary  coil,  while  the  last  end  of  the  prima 
coil  is  connected  with  the  spring  support  R  The  electro-motive  for 
is  conveyed  from  the  battery  through  the  primary  coil  to  the  spring  su 
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port  B  (rheotome),  thence  to  the  platina-pointed  screw  of  the  governor 
D,  and  lastly  to  the  battery,  making  the  complete  circuit. 

In  the  centre  of  the  coil  and  surrounded  by  the  soft  iron  wires  is 
placed  a  soft  iron  rod.  One  end  of  the  rod  is  bent  at  right  angles,  so 
that  the  hammer  on  the  spring  is  directly  over  and  can  move  toward 
this  soft  iron  rod,  marked  C.  When  the  vibrating  spring  is  resting 
jgainst  the  platina-pointed  screw  D  and  the  battery  is  connected  with 


Ci* 


:,7._±rj-ti' 


Fig.  44, 

the  coil,  the  current,  as  it  passes  over  the  wire  of  this  primary  coil^  ren- 
ders magnetic  both  the  centre  bundle  of  soft  iron  wires  and  the  sofk 
iron  rod 

The  magnetism  is  of  suflicient  force  to  attract  the  soft  iron  hammer 
on  the  spring,  and  draw  it  down  or  near  to  the  niagneti:zed  rod  C. 

This  movement  of  the  spring  severs  the  connection  between  the 
spiing  and  the  platina-pointed  screw  D  and  opens  the  circuit.     The 
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soft  iron  rod,  therefore,  loses  its  magnetism.  The  spring  ceases  to  be 
held  down,  its  tension  being  sufficient  to  raise  it  to  a  horizontal  position, 
where  it  again  rests  in  direct  contact  with  the  platina-pointed  screw  D. 
Again  the  circuit  is  closed  and  the  process  as  de- 
scribed is  repeated  with  inconceivable  rapidity.  By 
the  action  of  the  battery  current,  as  it  is  conveyed 
over  the  primary  coil,  and  the  influence  of  the  mag- 
netized bundle  of  soft  iron  wires,  a  current  is  induced 
U|>on  the  second  coil  of  fine  wire  which  surrounds  the 
primary  coiL  This  power  of  induction  can  be  estab- 
lished to  the  fifth  and  sixth  coil,  and  further  if  the  niag> 
netic  field  is  properly  arranged. 

In  the  ordinary  form  of  induction  coil  just  de- 
scribed, the  terminals  of  the  secondary  or  fine  wire 
coil  are  free  and  in  no  manner  connected  with  the 
primary  circuit.  The  influence  of  magnetisra  pro- 
duces a  current  which  we  call  pure  induced. 

In  the  continuous  coU  apparatus,  on  the  contrary, 
we  not  only  receive  the  inductive  influence,  but  the 
primary  influence  as  well,  since  it  is  carried  over  in 
r  combination  with  the  induced  currents.  Although 
;  called  a  continuous  coil,  it  is  really  made  up  of 
several  distinct  coils,  and  each  successive  coil  in- 
creases in  length  but  decreases  in  thickness.  These 
coils  are  wound  over  each  other,  and  are  tapped  at 
different  portions  of  their  length,  but,  unlike  other 
forms,  they  make  direct  connection  with  each  other. 
This  accounts  for  an  apparent  contradiction  of  terms 
that  might  prove  confusing. 

These  coils  (Fig.  45)  are,  for  convenience  of  illus- 
tration, represented  by  the  upper  straight  lines  I,  II, 
III,  IV,  termed,  respectively,  the  primary,  first,  sec- 
ond, and  third  induction  coils.  The  letters  A,  B,  C, 
D,  E  represent  the  different  posts  of  the  continuous 
coil  apparatus  to  which  the  conducting  cords  are  at- 
tached, while  the  numerals  i,  2,  3,  4,  etc.,  indicate 
the  combinations  by  which  are  obtained  ten  different 
qualities  of  current.  The  short  line  marked  i,  start- 
ing from  A,  represents  the  current  from  the  short, 
thick,  primary  coil  marked  1.  Second  line  (2),  current  from  the  primary 
and  first  (I,  II)  induction  coils  combined.    Third  line  (j),  current  from 
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1  (i.ii.m, 

(II)i-(i>c- 


III)  iMlKtiaii  adu  Sr«c«biKl7Vc»t-ti>«-Aete,sca«^ 
flii*W(II,III,lV)iiidKt»icaaiL  E«MkfiK(S)^cne>tfa. 
*e  ftcond  (III)  iadoctioB  coiL  tGaA  Wat  (i^€mwtat  torn  fhewet^ 
oaa  Md  dMi  (lit  IV)  iadKtkm  coik  coBriMcd.  TcM&fiK(roX 
CMicflt  frM  liie  ikitd  (1V>  adKli 

Tkermfemlk^  t^msidermiimu. — ^1 
tiow  that  are  imawMr  in  the  cuuhiHWHw  cofl  x 
qnafiCm  of  cKicM  lini  icsidt  ihcfcfro^  itsfCMnlsapefiaa^  ov«r  the 
■Cffatc  coil  k  ndBrif  inly  <vidca»;  aad  thb  aapcikiuty  In  i'iimi  i  more 
■■tidtf  wiec«aawae«m>tlietrariedphyaiailaad|ihy%iiifc.yial  cfiecis 
|iiuihw.gJ  by  tlwse  combimfionK 

Oar  object  of  taqury,  hoverer,  is  boC  as  to  &e  rdaciv«  Bicriis  of  dif- 
fcrcnt  machjjiev  bat  as  to  the  comparatrre  vafaie  of  sad  the  dUfuuilial 
indiCTrtiom  fer  tile  ose  of  the  vanoos  comhinalioiw  of  tbe  roliwwwit 
con  spparatas.  Tfau  point  of  mqinEy,  alfhcmnli  leas  iimwlaat  lam 
when  it  relates  to  the  two  forms  of  dynamic  dectricity,  is  yeC  of  no  little 
account,  and  in  some  respecu  has  been  found  to  be  bkhc  diflhulr  of 

Notiriihstanding  the  many  qualities  of  carreBt  that  are  derived  from 
the  continuous  cot),  I  have,  after  much  observation,  rednoed  to  three 
the  number  of  combinations  that  seem  to  be  irorthy  of  cfifiensitial  con- 
sideration. 

Every  thera(ieutic  result  that  can  be  obtained  by  any  of  the  ten  com- 
binations heretofore  considered  will  in  all  probability  result  horn  the 
use  of  some  one  of  the  following  : 

1.  The  current  from  the  primar}'  coil,  as  represented  by  the  line 
marked  i  (Fig.  45). 

2.  The  current  from  the  primary'  and  the  first  and  second  induction 
coils  in  combination,  as  represented  by  the  line  marked  5. 

j.  The  current  from  the  primary  and  the  first,  second,  and  third  in* 
ductton  cotls  in  combination,  as  represented  by  the  line  marked  4. 

The  ])rin>ary  coil  >ields  a  current  of  large  quantity  but  of  small  ten- 
sion, owing  i<>  the  fact  that  the  wire  of  which  the  coil  is  composed  is 
short  antl  thick.  It  ts  worthy  of  note,  however,  that  this  current  has 
considerable  chemical  power.  It  will  burn  iron  or  steel,  giving  forth  a 
bright  dctlagrating  spark,  and  will  readily  electro-plate,  an  effect  not 
obtainable  with  any  of  the  induction  coils,  either  alone  or  in  combina* 
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tion  with  each  other.  This  current  is  apiiarently  very  weak,  and  in- 
duces but  slight  muscular  contractions  in  the  healthy  person.  In  occa- 
sional pathological  conditions,  however,  this  mild  current  acts  with 
unexpected  energ}',  producing  muscular  contractions  far  exceeding  in 
vigor  those  that  are  called  forth  by  fhe  stronger  action  of  the  induction 
coils. 

On  account  of  its  mild  but  efficient  action  the  current  from  the  pri- 
mzjy  coil  is  preferable  for  applications  to  the  head  and  the  more  sensi- 
tive i>ortions  of  the  body,  and  it  will,  as  a  rale,  relieve  pains  of  a  true 
neuralgic  chafacter,  and  especially  when  great  tenderness  exists  along 
the  course  of  the  nerve,  far  more  effectually  than  the  current  from  any 
of  the  induction  coilf.  It  is  impossible  to  account  for  this  frequently 
observed  fact,  unless  it  be  ascribed  to  a  combination  of  the  battery 
and  the  inductive  influence.  WTien  dealing  with  an  agent  so  subtle  and 
so  little  understood  as  electricity,  it  is  difficult  to  express  one's  meaning 
in  terms  altogether  satisfactory,  but  that  such  a  combination  is  active 
and  effective  is  evidenced  by  the  readiness  with  which  electrolytic 
effects  are  produced.  Asthenopia  is  a  symptom  that  I  have  known  to 
be  greatly  relieved  and  even  cured  many  times  by  electricity,  but  more 
especially  through  the  use  of  the  primary  coil.  The  tired,  aching  eye 
is  both  temporarily  rested  after  each  silting  and  permanently  strength- 
ened by  continued  treatment.  There  seems  to  be  little  appreciation, 
either  among  ophthalmologists  or  general  practitioners,  of  the  great 
relief  that  niay  follow  this  treatment  in  the  many  cases  where  the  eyes 
ache  severely,  if  used  even  for  a  little  lime  before  breakfast  or  at  twi- 
light, or  where  neuralgic  pains  exist  in  or  near  the  eye,  or  where  there 
is  annoyance  from  muscie  volitantes. 

As  we  include  in  the  circuit  with  the  primary  the  various  induction 
coils,  the  current  increases  in  strength  with  each  coil  that  is  added. 
With  the  addition  of  the  first  induction  coil  a  much  greater  strength  is 
apparent,  but  the  combination  has  no  marked  physical  or  physiological 
effects  that  need  detain  us.  By  including  also  the  second  induction 
coil  in  the  circuit,  however  (line  marked  3,  Fig.  45),  we  obtain  a  cur- 
rent of  a  peculiar  and  unique  quality.  Like  the  primary  coil,  it  will 
electro-plate,  but,  unlike  it,  it  will  not  burn  steel  or  iron.  The  pecu- 
liarity of  this  combination  of  the  coils  is  that  the  maximum  of  power  to 
contract  muscular  tissue  is  here  obtained.  Each  additional  coil  now 
that  is  attached  simply  gives  a  decreasing  contractile  power.  Why  the 
maximum  of  current  strength  is  reached  in  the  combination  of  the  pri- 
mary with  the  first  and  second  induction  coils  it  is  difficult  to  say,  ex- 
ceptiog  as  we  ascribe  it  to  the  law  of  harmony  or  polarization  that  is 
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brought  about  by  properly  conditioning  the  magnetic  centre  of  the 
helbc,  the  several  coils  composing  the  helix,  and  the  battery  influence 
acting  upon  the  coils.  The  current  from  this  combination  is  not  at  all 
pleasant ;  it  is  keen  and  cutting  in  character,  and  with  its  strong  con- 
tractile properties  it  is  peculiarly  adapted  to  those  cases  where  power- 
ful impressions  are  called  for.  Hence  in  not  a  few  cases  of  paralysis 
where  the  response  to  galvanism  is  perfect^  but  where  there  is  a  diminu- 
tion of  farado-muscular  contractility,  I  have  found  it  preferable  to  any 
of  the  other  qualities  of  current  to  be  derived  from  the  continuous  coil 
apparatus. 

In  superficial  forms  of  anaesthesia  it  is,  perhaps,  in  no  way  supe- 
rior,  but  in  certain  persistent  and  more  deeply  seated  forms  of  lost  or 
perverted  sensibility  it  is  decidedly  more  efficacious  than  other  com- 
binations. Its  greater  contractile  power  over  muscular  tissue,  both 
voluntary  and  involunlar)',  renders  it  more  efficacious  in  cases  of  men- 
strual suppression,  and  also  for  atrophied  conditions  of  the  uterus,  for 
which  so  much  has  been  done  by  electrical  methods  of  treatment.  In 
cases  of  dysmenorrhcea,  as  well  as  in  the  various  neuralgias,  my  exi.>eri- 
cnce  leads  me  to  exclude  its  use.  Faradisni  has  been  used,  and  with 
success,  to  destroy  the  kems  in  extra-uterine  pregnancy.  While  I 
greatly  prefer  the  galvanic  ciurent,  having  always  used  it  without  the 
slightest  ill  effect,  yet  if  thfe  faradic  is  employed  I  should  not  recom- 
mend the  current  from  the  coils  now  under  consideration,  but  the  one 
presently  to  be  described ;  for  with  this  latter  form  we  obtain  eflfects 
equally  destructive  to  the  ftetal  life  and  with  less  violence  to  the  con- 
tractile tissues  of  the  mother.  There  are  several  other  differential 
points  connected  with  the  use  of  this  series  which  suggest  themselves, 
but  they  are  of  minor  importance. 

One  other  condition,  however,  deserves  mention.  Impaired  virility 
is  a  defect  for  which  relief  is  very  often  sought.  Its  influence  upon  the 
mind  is  most  unfortunate,  and  it  should  be  understood  that  electricity 
is  often  of  very  considerable  benefit  in  these  cases.  It  is  sufficient  to 
say  that  no  case  which  is  in  any  way  hopeful  should  be  abandoned  until 
the  current  from  the  primary  and  tirst  and  second  induction  have  been 
tried. 

When  we  include  in  the  circuit  not  only  the  primary  and  the  first  and 
second,  but  also  the  third  induction  coil,  as  represented  by  the  line 
marked  4,  effects  are  obtained  more  interesting  and  satisfactory  than 
from  any  of  the  other  combinations. 

These  effects  are  pre-eminently  tonic  and  sedative  in  character,  and 
give  firs  tliia  quality  of  curi ent  a  range  of  usefulness  wider  than  can  be 
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ascribed  to  the  others.  It  is  in  the  operation  of  general  faradization, 
when  we  desire  to  obtain  the  best  constitutional  tonic  efiFect  that  elec- 
tricity is  capable  of  giving,  that  we  resort  to  this  combination  of  the 
primary  and  induction  coils,  lis  action  on  the  motor  and  sentient 
nerves  is  less  severe,  and  its  general  effects  far  more  agreeable.  For 
the  relief  of  that  great  army  of  symptoms  that  are  so  familiar  and  so 
perplexing  to  those  who  have  had  much  to  do  with  neurasthenic  cascs» 
there  is  nothing  to  be  compared  with  it.  Even  llie  galvanic  current  by 
the  method  of  central  galvanization,  so  important  in  its  direct  effect 
upon  the  central  nervous  system,  falls  short  of  the  therapeutic  results 
that  follow  well-directed  applications  of  general  faradization.  WTien 
persistent  failure  follows  endeavors  along  this  line  of  electrization,  the 
cause  of  failure  must  be  ascribed  to  hasty  and  faulty  methods  of 
administration. 

RULES    FOR  THE    USE   AND   CARE   OF    KIDDKR'S    FARADIC   APPARATUS 

(Fig.  46). 

The  directions  that  we  give  under  this  head  will  apply  in  general  to 
all,  or  nearly  all,  faradic  machines,  and,  therefore,  need  not  be  repeated 
in  the  descriptions  of  other  machines  that  are  illustrated  in  this  volume. 

To  prepare  the  Apparatus  for  Use. — Fill  the  glass  jar  with  a  solution 
of  water  and  sulphuric  acid — one  part  sulphuric  acid  to  eight  or  twelve 
parts  water.  It  is  not  necessary  to  be  rigidly  mathematical  in  regard 
to  the  quantity  of  the  sulphuric  acid.  The  average  proportion  is  one- 
tenth,  but  it  may  range  between  one-sixth  and  one-sixteenth.  The  jar 
should  be  about  two-thirds  filled  with  the  solution. 

It  is  also  necessary  to  put  about  a  teaspoonful  of  quicksilver  in  the 
cup.  This  touches  the  lower  end  of  the  zincs  and  keeps  them  con- 
stantly amalgamated.     (See  F21ectro-Physics,  p.  37.) 

The  quicksilver  should  not  be  allowed  to  touch  the  central  plate  of 
platinum^  as  it  may  injure  it.  In  some  of  the  modifications  of  this 
apparatus  it  is  necessary  to  close  the  prongs  between  one  of  the  brass 
posts  that  is  labelled  and  the  one  in  ihe  middle  that  has  no  label. 

The  apparatus  is  now  ready  for  action.  If  the  spring  does  not  at 
once  vibrate,  give  it  a  slight  stroke  with  the  finger.  If  it  still  refuses 
to  vibrate,  it  may  be  necessary  to  readjust  the  screw.  If  the  spring 
vibrates,  but  irregularly  or  too  slowly,  the  evil  may  usually  be  remedied 
by  readjusting  the  screw. 

Now  connect  the  strings  attached  to  the  electrodes  with  the  lettered 
posts.  A  is  always  the  positive  pole,  and  B,  C,  and  D  are  always  nega^ 
rive  relatively  to  A. 
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n  dutmimisA  the  P^a.—li  u  alw&js  pooUc  to  ililiimrwli  the 
BCfitive  pole  bf  hoMmg  the  electrodes  for  a  aioiMm  in  Ike  two  httad^; 
die  one  in  whicii  the  carrrat  is  strcngeafeh  is  the  mtgmUvefcU, 

If  the  appaiatns  refoscs  to  go,  or  if  it  stops  at  any  tune  vliBe  m  use, 
the  came  maj  be  looked  for — 

1.  Im  the  screw  of  the  rheotonu  »r  current-hreaker .  This  may  not  be 
pfupwly  adjasted  The  point  may  be  too  far  from  the  spiiog,  or  too 
dosely  pressed  upon  it.  This  want  of  proper  adjastment  oC  the  screfr 
\i  the  most  frequent  cause  of  a  stopping  of  the  noachtBc,  aod  of  the  re- 
fusal of  the  spring  to  vibrate.  The  spring  may  sometimes  be  corroded 
at  the  point  where  the  screw  touches  it, 

2.  Jn  the  connection  of  the  mires.  The  wires  that  unite  the  zincs  and 
platinmn  may  not  be  properly  screwed  at  their  point  of  connection,  or 
may  be  corroded. 

3.  In  the  battery  itself.  The  batterj'^ — ^that  is,  the  zinc  and  platinum, 
with  the  solution  in  the  glass  jar — may  get  out  of  order  io  four  ways. 
Firsts  the  solution  may  lose  iu  strength.  This  difficulty  may  be  reme* 
died  either  by  pouring  in  some  sulphuric  acid,  or  by  making  ao  entirely 
new  solution,  or  by  simply  adding  more  water.  Secondly^  the  zincs  may 
become  so  corroded  and  incrusted  as  to  become  incapable  of  generating 
a  current.  When  we  have  reason  to  suspect  that  such  is  the  case  we 
should  clean  them  with  an  old  tooth>brush  or  cloth,  or  amalgamate 
them.  When  the  zincs  have  lost  their  amalgam,  local  action  may  lake 
place  ;  this  will  be  indicated  by  rapid  evolution  of  hydrogen.  Tkirdly^ 
a  portion  of  the  mercury  may  have  fallen  onto  the  platinum,  and  covered 
it.  When  this  happens,  little  or  no  current  can  be  obtained.  Fourthly, 
the  platinum  and  the  zincs  will,  in  time,  by  hard  and  long  usage,  wear 
out,  and  will  need  to  be  replemshcd. 

4.  ///  the  helix.  It  is  very  rarely  indeed  that  the  helix  of  this  appa> 
ratus  ever  becomes  so  injured  as  to  become  incapable  of  service.  If, 
after  we  have  properly  adjusted  the  screw  and  spring,  made  sure  of  the 
connections  of  the  wires,  replenished  the  solution,  and  cleaned  the  zincs, 
the  apparatus  persistently  refuses  to  go,  we  have  reason  to  suspect  that 
something  may  be  wrong  with  the  wires  that  compose  the  helix.  If 
such  be  the  case  the  evil  can  be  remedied  only  by  the  inventor  himself 
or,  at  lea.st,  by  sonteone  practically  familiar  with  the  construction  of 
helices.  But  we  should  try  very  patiently  and  perseveringly  before  we 
accept  the  conclusion  that  the  helix  is  thus  out  of  order,  for  it  is  an  acci- 
dent of  extremely  rare  occurrence. 

When  no  current  is  fell  at  the  electrodes,  although  the  apparatus  acts 
properly,  we  know  that  the  connection  is  broken  somewhere  in  the  insu- 
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httd  ionducting  wires.  Somelinies  the  union  of  the  wires  with  the 
electrodes  is  imperfect,  and  occa.sionally  the  wire  in  some  part  is  broken. 
Finally,  the  electrodes  themselves  may  become  very  much  corroded, 
and  may  need  cleaning  before  a  good  current  can  be  obtained. 

To  take  eare  of  the  Apparatus. — When  not  in  use,  the  element  can  be 
takeii  out  of  the  solution.  When  the  lip  battery  is  used,  all  that  is  neceis- 
sary  is  to  merely  turn  over  the  jar.  If  the  element  remains  too  long  a 
time  in  the  jar  an  incrustation  of  salt  will  sometimes  accumulate  on  the 
top  of  the  zincs,  which  will  need  to  be  brushed  or  washed  off.  This  salt 
is  the  sulphate  of  zinc,  resulting  from  the  action  of  the  sulphuric  acid  on 
the  zinc 

We  may  know  that  action  is  taking  place  in  the  battery  when  bub- 
bles of  hydrogen  are  rising  up  by  the  sides  of  the  zinc. 


^^^ 


Fig.  47. 

Fandic  Machine,  sepande  coil,  double  cdl.  in  box  (Galvano-Faradic  Manufacturing 
Co.).  F  F  (Fig.  48)  are  the  two  elements  of  xinc -carbon ;  A  A  the  rods  by 
which  the  zinc  is  raised  from,  and  lowered  into,  the  solution ;  D  the  hammer, 
and  4  the  helix  partly  drawn  out.  Theie  machines  are  run  by  one  or  two  zinc- 
carbon  cells  (Walker's  Battery,  see  p.  35,  m  filectro- Physic). 


Methods  of  modifying  the  Current. — The  strength  of  the  current  of 
this  machine  may  be  modified  in  several  ways,  as  follows  : 

I.  It  may  be  modified  by  withdrawing  or  pushing  in  the  metallic  tube 
that  covers  the  helix. 

When  this  tube  covers  the  helix  an  indefinite  number  of  branch  cur- 
rents are  induced  in  it  that  interfere  with  the  main  ctirrent  and  weaken 
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3.  When  the  current  passes  through  the  bodj  of  the  operator,  the 
current  may  be  modified  by  increasing  or  diminishing  the  pressure  of 
the  hand  on  the  sponge  connected  with  the  positive  pole.  (See  Gen- 
eral Faradization.) 

The  direction  of  the  current  can  be  changed,  at  any  time,  by  revers- 
ing the  position  of  the  electrodes,  or  by  reversing  the  conducting  wires 
in  the  posts,  or  by  the  current-revcrser,  when  one  is  attached  to  the 
machine. 

The  faradic  machine  represented  in  Fig.  48,  besides  being  of  the 
separate-coil  variety,  giving  both  the  primary  and  the  secondary  cur- 
rent, has  also  a  vcrj-  convenient  contrivance  for  producing  slow  or  rapid 
interruptioas. 


Fig.  «9. 
Faradic  Machine  (continuoas  coil)  (Thomas  Hall). 

The  machine  of  Hal!  is  a  neat,  compact  arrangement,  and  gives  a 
very  pleasant  current.  Chromated  lead  is  used  for  the  electro-nega- 
tive clement.  One  of  the  metals  is  raised  out  of  the  solution  by  a 
very  convenient  spring,  instead  of  the  jointed  rod. 

MagtietO'EUctric  Machines.  —  The  magnetO'elcctrie  (or  so-called 
rotary)  machines  (see  Electro-Physics,  p.  61)  are  not  much  used  at 
the  present  day,  and  are  not  ordinarily  to  be  recommended.  They  have 
been  employed  largely  and  indiscriminately,  especially  in  this  country, 
and  have  done  the  cause  of  electro-therapeutics  much  eviL     Although 


¥H 


AFPARATTS  FOR  XLECTRO-THERAPEtTICS. 


■taftadadbf  thanu  weO  artiptrd  topioikice 
and  k  ftnf  ■  arfj  of  tervice  in  die  tiralwent  of  ] 

and  kiadrcd  dttOfders,  jei,  for  aJI  the  wide  nogt  of  <fi»> 
eases  in  wincli  hgaAc  electndtj  is  indicated,  it  is  aesdMr  wiliririirly 
fdnbfe  MV  stdBocBtif  eCectire.  In  most  of  the  condbmns  of  mifi^ 
biliqr*  in  vbidi  general  fuadizatioo  is  oaost  elective,  this  kxxn  of  clec- 
txkkj,  as  soioaied  bj  moat  of  Ibe  inarhfnrt>  is  contra -mdMilrd.  o» 
accoant  of  the  roogfi  and  duagreeable  qtaiitj  of  the  cnneBL 

Another  very  pcanainent  objection  to  most  of  the  roiai;  ■afduDcs 
ia  this  oonntiy  'a,  thnft  diej  require  the  aid  of  an  aaattanft  to  miB  the 
czaah.  This  olijrjtinM  msf  be  met  by  clock-worit  alfarhtnnH.  Aa 
anangement  of  this  kind  b  enaplofed  by  Dr.  Morell  Madceniie,  of 
Loodon,  tn  the  treataient  of  paialysis  of  ihe  kiynx ;  bat  even  lor  this 
qpcdal  purpose  it  wooki  seen  to  hare  no  adrantages,  bot  poscdre  dis- 
adfintai^  m  coaipaRd  with  a  compact,  convenient,  and  reliable 
^ectn>-«iag;Belic  apparatas  as  described  in  the  preceding  p^es. 

M.  Gnuame*  has  made  a  magneto^Iectric  machine  which  faraishea 
a  tpmimmtms  instead  of  an  intczmpced  coireot,  which  in  its  effects  re- 
sembles Ihe  ordinary  galvanic  correnl.  The  machioe  consists  of  three 
rings  of  soft  iron,  aroond  which  is  an  ;n(fless  coil  of  copper  wire.  Each 
of  these  rings  rotates  between  the  poles  of  a  powerful  niagnet,  and  the 
anangemeDt  is  sacb  that  the  opposite  cnrrents  in  the  halves  of  each  ring 
form  a  single  continnoos  current 

The  machine  u  tamed  by  hand,  and  in  its  large  form  generates  a 
large  quantity  of  electricity.  It  can  produce  all  the  effects  of  the  ordi- 
nary galvanic  current.  It  makes  platinum  wire  red  hot,  fuses  metals* 
and  is  used  in  electro-plating. 

If  this  machine  can  be  reduced  in  size,  and  modified  in  sha(^,  it  may 
become  of  value  in  electro-medicine  and  electro-surgery. 

Galvanic  Apparatus, — The  merit  of  placing  in  the  market,  in  an 
accessible  fonu,  convenient  and  reliable  galvanU  batteries  was  in  this 
country  pioneered  by  the  Galvano-Faradic  Manufacturing  Company. 
Before  the  organization  of  this  establishment  the  faradic  machines  of 
Kidder  and  others  had  been  long  in  use,  but  suitable  galvanic  machines 
could  not  be  obtained. 

Hydrostat. — The  hydrostat  is  an  admirable  contrivance  for  keeping 
the  fluid  from  spilling  when  the  battery  is  carried  in  a  buggy  or  on  a 
long  journey.  It  consists  of  a  rubber  covering  accurately  fitted  on  the 
top  of  the  cells,  and  we  have  found  it  a  most  trustworthy  arrangement. 


*  Althaus  on  Medical  Electricity,  third  edinon,  l^74,  p.  SS. 
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The  zinc-carbon  batteries  arc  also  conslrucled  on  the  same  genera\ 
principle  of  sixteen  and  eight  cells.  The  sixteen-cell  combination  is 
portable,  and  about  as  heavy,  when  charged,  as  a  medium-sized  \'alise, 
well  packed. 

The  eight-cell  combination  is  no  heavier  than  a  common  faradic  ma- 
chine, and  when  well  charged  gives  a  current  of  sufficient  strength  for 
many  applications  to  the  eye  and  head 

This  apparatus  is  called  the  Barllett  galvanic  battery  (Fig.  51).  It  is 
a  very  convenient  apparatus.    It  has  connected  with  it  a  hydrostat,  which 


Fig.  5x. 
Twenty-four  zinc-carbon  battery  (Galvano-Faradic  Mfg.  Co.). 

quite  successfully  prevents  the  spilling  of  the  solution  during  transpor- 
tation. The  accessories,  such  as  current  selectors,  commut.itor,  rheo- 
totne,  etc.,  are  all  attached  to  the  battery.  The  bottom  of  the  box  is 
a  movable  tray,  in  which  the  glass  or  hard-rubber  cells  are  placed. 
This  movable  tray  is  controlled  by  two  hinged  rods,  which  are  fastened 
to  it,  and  these  by  two  lifting-rings  at  the  end  of  the  rubber  table. 
These  rings,  being  screwed  tightly  down,  hold  the  cells  firmly  against 
the  hydrostat,  or,  being  loosened,  allow  the  hydrostat  to  be  removed 
from  the  front  of  the  centre  of  tlie  box.  They  also  serve  as  handles  to 
lift  the  tray  of  cells. 
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Practical  Directions  for  the  Use  of  Zinc-Carbon  Galvanic  Batteries, 

The  following  directions  will  substantially  apply  to  all  or  nearly  all 
forms  of  the  zinc-carbon  batterj',  by  whomsoever  manufactured. 

How  the  Battery  is  Constructed  and  Used, — These  batteries  are  com- 
posed of  plates  of  zinc  and  carbon  in  a  solution  of  bichromate  of  potass, 
sulphuric  acid,  and  water.  The  solution  is  contained  in  glass  jars  that 
are  raised  up  to  the  plates  of  zinc  and  carbon  by  the  keys  at  the  ends 
of  the  box,  or  by  a  crank.  VVIien  the  jars  arc  raised  by  the  keys  to  the 
top  of  the  box,  turn  the  keys  at  right  angles^  or  turn  the  crank,  and  the 
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Thirty-su  large  zinc-cartx)n  cell  galvnnic  battery,  with  circular  switch,  reverter,  and 
tnterntpter,  for  utftue  or  hospital  use  (Kidder). 

jars  will  stay  in  |>osiiion,  and  the  battery  is  ready  for  use,  if  the  jars  are 
properly  filled  with  the  solution. 

When  the  battery  is  not  in  use  the  jars  should  be  let  down  from  the 
plates  by  means  of  the  keys.  If  allowed  to  remain  immersed  day  after 
day  the  battery  will  rapidly  lose  its  strength.     (See  Electro-Physics, 

p.  36.) 

Ho7o  to  Charge  the  Battery, — The  solution  is  made  in  about  the  fol- 
lowing proi>ortions :  sulphuric  acid,  1  oz.  ;  bichromate  potass,  i\  oz. ; 
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water,  10  oz.  The  best  way  to  niake  the  solution  is  to  dissolve  the 
bichromate  of  potash  in  cold  water  and  then  add  the  sulphuric  acid. 
The  mingling  of  the  water  and  sulphuric  acid  causes  great  heat.  Do  not 
use  the  solution  until  it  is  cool.  We  had  not  been  able  to  get  any  satis- 
factory explanation  of  the  fact  that  solutions  when  hot  injure  the  bat- 
tery, until  Prof.  Bradcett^  of  Princeton,  informed  us  that  from  experi- 
ments he  made  several  years  ago  he  proved  that  when  the  bichromate 
of  potash  solution  is  use«l  hot  a  layer  of  ozone  is  formed  on  the  carbon ; 
this  at  once  weakens  the  current. 

Lift  out  the  plates  by  the  middle  piece  to  which  they  are  attached, 
lift  up  ihe  jars  by  the  keys  and  fill  each  jar  with  two,  or  three,  or  three 
and  a  half  ounces  of  the  solution.  They  should  be  filled  pretty  uni- 
formly, and  care  should  be  taken  that  no  more  should  be  put  in  than  the 
jars  will  hold  after  the  plates  are  immersed. 

How  to  Clean  the  Battery  and  Amalgamate  the  Zincs. — Every  few 
weeks  or  months,  according  to  the  extent  to  which  the  battery  is  used, 
it  will  be  necessary  to  wash  the  plates  and  scrape  off  the  exudation  and 
renew  the  solution,  or,  at  least,  to  add  more  acid  or  water,  and  amalga- 
mate the  /inc.  The  chrome  alum  that  collects  in  the  bottom  of  the  jars 
(see  Electro- Physics,  p.  36)  and  becomes  very  hard  can  be  softened  by 
allowing  warm  water  to  stand  in  the  jars  for  a  time,  and  then  loosening 
the  deposit  with  any  sharp  instrument.  A  good  way  to  amalgamate 
_the  zincs  is,  take  a  strip  of  zinc,  dip  it  in  a  solution  of  sulphuric  acid 
od  water,  then  dip  it  in  mercury ;  the  mercury  will  adhere  to  and  run 
■«ver  it ;  then  rub  up  over  the  surface  of  the  zincs  of  the  battery  until 
all  arc  well  covered  with  mercury.  During  the  process  of  amalgama- 
tion the  zincs  should  be  kept  well  moistened  with  a  solution  of  sulphuric 
acid  and  water.     (See  Electro-Physics,  p.  ^6,) 

Hotv  to  tell  the  Strength  of  the  Current. —  Fhose  who  have  no  galva- 
nometer can  tell  whether  the  current  is  running  and  how  strong  it  is  by 
pulling  one  pole  in  the  hollow  of  the  hand  ami  the  olher  between  the 
thumb  and  forefinger.  The  poles  should  be  wet  with  salt  water  or 
simple  warm  water.  Those  who  have  been  accustomed  only  to  the 
noisy  and  violent  faradic  (induced)  current  will  be  disappointed  lo  find 
that  this  galvanic  current  causes  only  a  slight  burning  sensation,  with  no 
shocks  except  when  interrupted.  A  current  that  is  scarcely  felt  when 
applied  in  ihe  hand  may  be  too  strong  to  apply  to  the  head,  or  face, 
or  neck.  The  greatest  mistakes  are  made  by  using  the  galvanic  current 
ioo  strong. 

How  to  distinguish  tht  Poles. — The  current  is  fell  strongest  at  the 
KECATivE  POLE.     When  both  poles  are  dipped  in  a  solution  of  iodide 


*  rodiKcd  Id  ' 

"  *•'  cBionife  of  stiver  | 

:  esfdi  ocfl  k  a  fractioiil 

Tkt  Cmlkmei  Bmittry^ — A  re  ch&o  a  rear  ago  it  was  s«g-' 

fjctuA  to  the  Gahrano-Firadk  Manubctaring  Cooipany  the  possJbititf 
d  JHiMigi^g  a  oaoDfainaiioii  of  sixtj  or  laaKr  5iiciiifB  HiMrc  daaeiit! 
ofwodentfe  size,  in  sadb  a  vaj  dkat  all  iKe  cells  aad  all  die  ( 

*Sow  chnfio  k<"e  bcoi  ande  »  the  Ibim  of  thb  Uncty  akc  tke  1 
lt>C£i»Ml|CTiriplrtofitscoli«ctiiw  111  rwthc—fe 


THE   CABINET   BATTERY. 


and  appliances  should  be  contained  in  a  small  movable  desk  or  bureau. 
The  suggestion  was  made  in  the  belief  that  all  ihe  supposed  or  real  ad- 
vantages of  the  combinations  of  large  cells  that  are  usually  placed  in 
cellars  or  basements,  and  connected  by  wires  with  the  operating  room, 
could  be  secured  at  far  less  trouble  by  a  simple,  convenient,  and  acces- 
sible arrangement,  in  which  many  of  the  difficulties  connected  with  re- 
moval, cleaning,  and  overhauling  should  be  reduced  to  a  minimum. 

In  the  roughest  possible  manner  a  general  plan  of  a  bureau  with 
drawers  and  cover  was  drawn,  and  it  was  further  suggested  that  it  would 
be  well  to  have  a  current-selector,  currcnt-reverser,  rheostat,  and  gal- 
vanometer interposed  in  the  circuit,  and  that  the  appliances  should  all 
be  in  a  plane  surface  at  the  top  ;  and  that  the  drawers  containing  the 
cells  should  be  so  made  that  they  could  be  easily  taken  out  whenever 
necessary  to  inspect  and  replenish  the  battery.  We  thought  little  more 
of  the  matter  until  some  time  after,  when  the  Company  called  our  atten- 
tion to  the  fact  that  they  bad  completed  a  battery  which  they  called  the 
Cabinet  battery,  and  which  is  represented  in  Fig.  55. 

The  Cabinet  battery  is  so  simple  that  a  very  brief  description  of  it 
wnll  be  sufficient.  The  Siemens-Halske  cell  is  merely  a  modification  of 
Daniell's  cell.  It  consists  of  a  small  cylinder  of  glass,  attached  at  the 
bottom  to  a  cylinder  of  porcelain.  In  this  cylinder  is  placed  a  coil  or 
ribbon  of  copper,  and  a  little  water.  Outside  of  this  cylinder  is  a  cylin- 
der of  zinc,  and  the  space  between  it  and  the  outer  glass  jar  is  sawdust 
on  the  top,  and  at  the  bottom  powdered  papier-mach6  packed  closely, 
and  wet  with  water  slightly  acidulated  with  sulphuric  acid.  The  object 
of  the  sawdust  and  papier-mach6  is  to  hold  the  fluid  and  avoid  spilling 
and  to  make  the  action  of  the  battery  gentle  and  unifonu.  A  cork  is 
placed  in  the  cylinder  so  as  to  prevent  mingling  of  the  fluids  of  the  outer 
and  the  inner  cells. 

These  cells,  like  all  modifications  of  Daniell's  cells,  are  very  con- 
stant ;  that  is,  they  give  a  steady  and  uniform  current,  and  can  be  used 
for  a  long  time  without  recharging.  It  is  necessary,  now  and  then,  to 
drop  a  little  water  into  the  inner  cylinder  to  make  up  for  the  loss  by 
evaporation,  and  to  put  in  a  few  pieces  of  sulphate  of  copper;  this, 
however,  can  be  very  easily  done  by  pulling  out  the  drawers  and  re- 
moving the  corks.  Each  cell  is  about  the  size  of  an  ordinary  tumbler. 
There  are  three  drawers,  each  containing  twenty  cells. 

The  metallic  connections  of  the  cells  are  made  at  the  back  part  of 
the  drawer,  and  are  completed  when  the  drawer  is  well  pushed  in.  On 
the  top  of  the  bureau  are  the  current-selector,  by  which  one  cell  or 
sixty  cells  can  be  brought  into  the  circuit ;  the  current-reverser ;  th» 
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short-coil  galvanometer,  for  indicating  tht  presence  and  direction  of  the 
current  merely,  and  the  hydro-  or  water  rheostat,  for  gradually  increas- 
ing or  dmiinishing  the  strength  of  the  current. 

The  water  rheostat  is  the  perfection  of  neatness  and  convenience, 
and  is  differently  arranged  from  any  that  we  have  seen.  The  water  is 
contained  in  a  small  case  or  cup,  with  a  glass  lop.  By  turning  a  snaalt 
brass  disk,  connected  with  a  brass  lever,  a  small  or  large  area  of  the 
water  can  be  brought  into  the  circuit.     Besides  all  the  appliances  for 
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the  galvanic  current,  this  Cabinet  battery  also  provides  ihefaradic  cur- 
rent Two  Leclanch4  cells  in  the  upper  drawer  are  connected  with 
a  continuous  coil  and  interrupter,  on  the  right  hand  of  the  top  of  the 
bureau.  The  faradic  current  can  be  increased  or  dinnnished  by  pulling 
out  or  pushing  in  a  metallic  rod  in  front  of  the  top  piece. 
The  advantages  of  this  Cabinet  combination  are  these  : — 
1.  It  is  very  easily  moved  and  managed.  The  whole  Cabinet,  con- 
taining sixty  cells,  the  electrodes,  connections,  etc.,  for  both  currents, 
and  the  cover  to  place  over  the  top,  is  but  three  feet  high  and  seven* 
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teen  inches  broad.  It  is  placed  on  casters,  and  can  be  easily  moved 
from  one  ward  of  a  hospital  to  another  ward,  or  about  the  room,  by  one 
person,  as  easily  as  an  ordinary  centre-table.  The  connbinations  of 
Daniell's  cells  are  generally  placed  in  ihe  cellar,  and  the  apparatus 
throughout  is  permanent,  and  when  the  physician  wishes  to  move  his 
office  the  labor  of  resetting  the  battery  is  very  great.  This  combina- 
tion, without  taking  out  the  drawers,  can  be  transi>orted  bodily  from 
one  house  to  another  as  easily  as  any  bureau  the  drawers  of  which  are 
filled  with  heavy  goods. 

Although  the  battery  will  probably  go  for  years  without  thorough 
overhauling,  yet  occasional  inst>ection  and  refilling  will  be  required, 
and  can  be  very  easily  performed. 

2.  /J  gives  a  constant^  uniform ^  and  steady  current ;  and  is ^  therefore^ 
better  adapted  for  the  treatment  of  irritable  and  sensitive  conditions  than 
the  smail  cells  of  the  ordinary  portable  batteries. 

This  advantage  it  shares  with  all  modifications  of  Daniell's  battery. 
The  explanation  of  the  constancy  and  steadiness  of  the  current  from 
these  combinations  of  Dan  jell's  cells  is  found  in  the  fact  that  on  ac- 
count of  the  feebleness  of  the  solution,  and  Ihe  interposition  of  the 
porous-cell,  the  chemical  action  is  slow  and  uniform,  with  no  inter- 
ruptions or  even  variations.  In  the  single  zinc-carbon  cells  the  solution 
is  very  strong,  and  the  chemical  action  very  vigorous;  the  plates  are 
rapidly  polari/ed  ;  the  density  of  the  solution^  and  with  it  the  inter- 
nal resistance  of  the  battery,  is  conlinually  changing  as  a  result  of  the 
vigorous  chemical  action,  and  consequently  the  strength  of  the  current 
not  only  diminishes  after  a  protracted  use  of  the  battery,  but  /'/  varies 
from  moment  to  moment. 

The  potential  quantity  of  electricity  may  be  the  same  in  a  combina- 
tion of  single  zinc-carbon  cells  as  in  a  combination  of  sawdust  Daniell's 
cells,  and  may  even  be  far  greater ;  but  there  is  great  difTerence  in  the 
rapidity  with  which  they  evolve  it.  For  short  work,  such  as  is  required 
in  powerful  electrolytic  operations,  the  single  zinc-carbon  cell  is  far 
preferable  to  the  Daniell,  for  the  reason  that  the  quantity  of  electricity 
that  it  generates  in  a  short  time,  say  half  an  hour,  is  very  much  greater 
than  a  similar  number  of  Daniell's  cells  would  generate  in  the  same 
lime.  This  Cabinet  battery  is  therefore  not  a  good  battery  for  elec- 
trolysis, and  we  never  attempt  to  use  it  in  any  important  electrolytic 
operations.  In  experimenting  with  it  we  find  ihat  it  causes  but  a  very 
feeble  decomposition  of  iodide  of  potassium,  or  chloride  of  sodium. 
It  could  not  indeed  be  otherwise  ;  in  electrolysis,  as  everywhere,  force 
answers  to  force  :  the  amount  of  chemical  action  outside  of  the  cell — 


APPARATUS   FOR   ELECTRO-THERAPEUTICS. 


electrolysis — must  be  proportioned  to  the  amount  of  chemical  action 
insid<  of  the  cell.  In  the  Datjiell's  cell  the  chemical  action  is  wcry  slow 
and  feeble ;  hence  the  electrolysis  it  causes  is  slow  and  feeble,  but  it 
is  constant  and  steady  ;  it  does  not  give  out  so  much  electricity  in  an 
hour  as  the  single  zinc-carbon  cell,  but  it  continues  to  give  it  out  long 
after  the  zinc-carbon  cell  is  exhausted. 

Two  men  have  each  a  thousand  dollars — one  spends  recklessly,  rap- 
idly, and  extravagantly,  and  in  a  few  days  is  penniless ;  the  other 
spends  regularly  and  slowly,  and  uniformly,  one  dollar  each  day,  and 
makes  his  thousand  dollars  last  a  thousand  days.  The  single  zinc-car- 
boii  cell  makes  an  extravagant  battery  j  but  in  electrolysis  extravagance 
is  needed,  and  besides  the  solution  can  be  removed  from  the  plates,  so 
that  n«  action  can  take  place  when  the  battery  is  not  needed.  The 
1  JttnicH'a  cell  makes  an  economical  battery,  since  it  spends  slowly  and 
regularly,  even  though  it  is  kept  constantly  immersed.  Hence  ils  ad- 
vantage in  the  treatment  of  the  neuralgic,  the  hysterical,  and  the  ner- 
vously exhausted,  who  in  some  cases,  at  least,  require  to  be  treated  with 
feeble,  mild,  steady,  and  painless  currents.  The  current  from  these 
I  iftiucirs  cells  is  less  painful  than  the  current  from  small  and  active 
cells,  for  the  reason  mainly  that  it  is  more  uniform. 

The  notion  entertained  by  some,  that  these  large  double-cell  batter- 
iei  send  a  larger  quantity  of  electricity  through  the  body  than  small 
relli|  it  at  war  with  Ohm's  law,  and  has  no  foundation  in  experience. 
The  resistance  of  the  body  is  so  great  in  comparison  with  the  internal 
rtliftaocc  of  the  batteries  that  it  makes  but  tittle  difference  in  regard 
!o  the  quantity  of  electricity  that  flows  through  the  body  whether  the 
calls  are  large  or  small.  As  a  matter  of  fact,  the  small  single  zinc-car- 
bon  cells,  or  even  the  ordinary  Smee's  cell,  give  larger  quantity  of  elec- 
tricity for  a  short  time  than  the  large  Daniell's  cell.  (See  Electro- 
rhyiics,  pp.  66-84,) 

The  arrangement  in  Fig.  56  is  very  light,  compact,  and  portable. 
The  cells  are  quite  small,  and  of  course  need  refilling  more  frequently 
than  larger  cells.  The  cord  spools  (S  S)  are  convenient  contrivances 
for  winding  up  the  cords  when  not  in  use. 

These  batteries  are  made  also  of  ten,  twenty-four,  and  forty  cells. 

The  combination  in  Fig.  57  embraces  both  the  faradic  and  the  gal- 
vanic currents,  sixty  zinc-copper  cells — and  a  rheostat.  The  same  coil 
that  furnishes  the  faradic  current  can  also  be  enclosed  in  the  circuit 
of  the  galvanic  current  so  as  to  form  a  rheostat.  Connected  with  the 
Apparatus,  on  a  board  in  front  of  it,  is  a  current-revcrser^  a  current- 
interrupter,  and  a  galvaaoscope. 
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The  faradic  current  is  supplied  by  a  continuous  coil  with  many  wind-> 
vigs,  and  gives  a  ver>-  pleasant  current. . 

These  batteries  (Fig,  58,  p.  317)  are  of  twelve,  or  twenty-four,  or 
thirty-six  cells.  The  general  construction  of  the  Leclanch^  cell  has 
already  been  described  in  Electro- Physics. 

Curt  \V.  Meyer  also  manufactures  a  combination  of  J.ecla.nche's  cells 
that  is  conveniently  portable,  and  is  said  to  be  quite  enduring.  These 
small  Leclanch^  cells  are  not  as  enduring  as  those  of  a  larger  si/e,  and 
when  freqcnlly  used  must  be  frequently  cleaned,  like  the  zinc-carbon 
batteries. 


zr—T^^ 


Fig.  56. 
Portable  galvanic  battery,  twenty  xtoc-carbon  cells  (Drcscher). 

Raines^  BalUry, — Prof.  George  VV^  Raines,  of  Augusta,  Georgia,  has 
described  *  a  portable  galvanic  batterv',  composed  of  strips  of  zinc  and 
platinum,  united  by  copper  strips  in  the  shape  of  the  letter  V  inverted. 
These  zinc  and  platinum  strips  thus  united  are  passed  through  holes 
made  in  a  rubber  plate,  beneath  which  is  a  square  trough  of  rubber^ 
divided  into  forty-nine  compartments  or  cells.  These  cells  contain  the 
acid  solution,  which  can  be  raised  to  the  metallic  strips  so  as  to  immerse 
them.  The  whole  battery  is  about  the  weight  of  a  No.  4  faradic  ma- 
chine of  the  Galvano- Faradic  Co.'s  manufacture. 

Galvanometers  or  Galvanoscopes. — The  general  principles  on  which 
galvanometers  are  constructed  have  been  already  described  (Electro- 
Physics,  p.  40). 

•  Scientific  American^  September  28,  187*. 
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Fin.  S7. 
I^'fM»t>.*iu-JiiiH:  machine,  with  rheoslattc  coil,  etc.  (Reynders  &  Co.)» 
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A  form  of  rheostat  verj'  well  known  to  electro-physiologists  and 
•electro-therapeutists  is  that  of  Siemens,  and  introduced  into  electro- 
therapeutics by  Brenner  in  his  researches  on  the  ear.  The  unit  of 
Siemens  is  a  column  of  mercury,  one  metre  long,  with  a  transverse  sec- 
tion of  one  square  millimetre  at  52°  F.  The  rheostat  may  contain 
1,110  or  2,100  units.  The  metallic  blocks  or  pieces  on  the  top  are 
attached  to  insulated  coils  of  wire,  which  in  their  length  correspond  to 
the  numbers  i,  2,  3,  4,  5,  6,  7,  etc.,  10,  20,  30,  40,  50,  60,  etc.,  Joo, 
«oo,  300,  400,  etc,  marked  over  them.  At  the  central  end  of  each  divi- 
*sion  of  the  star-shaped  toi^)-piece  there  is  a  hole  for  receiving  the  stop- 
per.    When  all  the  stoppers  are  inserted  in  the  division  marked  o, 


\^m:> 


¥iG.  61. 

SUmttt^  Stopper -Rhtosiat. — On  the  circle  B,  the  metallic  disks  are  nnmbered  by 
nnits,  from  o  lo  10 ;  on  the  circle  C,  by  «<n.s,  from  o  to  100 ;  on  the  circle  E», 
by  hundreds,  from  o  to  t,ooo.  To  use  Ihc  rheostat,  connect  the  wire  A  with  one 
of  the  poles  of  the  battery,  and  the  wire  E  with  one  of  the  electrodes;  in  this 
way  the  resistances  of  the  rheostat  are  included  in  the  circuit,  constituting  what  is 
called  a  *'  secondary  tlosure,^^ 

there  is  no  resistance  in  the  rheostat,  and  the  current  goes  directly 
through  it,  and  not  at  all  through  the  body  of  the  patient,  for  the  rea- 
son that  metal  conducts  electricity  very  much  belter  than  the  body, 
and  when  it  has  a  choice  it  will  take  the  path  through  the  best  con- 
ductor. 

When,  now,  the  stoppers  arc  inserted  so  that  some  of  the  coils  of  wire 
connected  with  the  divisions  of  the  top-piece,  say  those  marked  5,  50, 
500,  are  brought  into  the  circuit,  the  current  will  have  to  overcome  not 
only  the  resistance  of  the  metallic  connections,  but  also  the  resistance 
of  550  Siemens'  units,  represented  by  corresponding  lengths  of  copper 
wire,  and  by  preference  much  more  of  the  current  will  pass  through  the 
body.     If  all  the  resistances,  1,110  or  2,  too  units,  are  inteqiosed,  most 
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of  the  cmrent  ynimrt  tknmg^  the  body.    If  all  tbeftoppenMV] 
a  part  of  the  eaatan  foes  ihioi;li  like  ilieofiaL 

JtimUat  ^  JA^vr  ^  W^.—VLvfzx  &  Wolff;  of  Viea 
winrtniciid  a  anpk  iomi  of  rheostat — a  wooden  box  < 
of  «iic  mi  irt|wwidi«g  lo  1^5  Siemeas'  oaitt. 

Hyin-Htautmt  {maUr  rht^stml^  or  /rfvi^  rA/vjilM).— For  aH  the  prac> 
tical  jmpotca  of  eJeclgo-tiicxaitrnrirK,  evca  fior  tbe  most  deficatr  ap|il»- 
oriioii*  lo  the  aaoft  deficate  ovjgaas,  as  the  car,  epe,  etc.,  the  roniiiw 
fMlBr  rtiwnitat  nr,  as  it  is  ■nnwliiiw  %  caOed,  faf&adwortat,  or  hqaid 
riwoitat — is  aafficiently  predae,  and  m  oompcnienoe  is  iaoBBifianfaly* 
superior  to  the  stopper  rfacostais- 


Fic   69. 
Hydro-Rbeostat  (Gaivano-Faradic  Maaafoctmii^  Co.^ 

The  water  rheostat,  represented  in  the  cut,  b  simplr  a  column  of 
water,  interposed  in  the  circuit,  and  so  arranged  that  the  distances  be- 
tween the  extremities  of  the  meials  that  close  the  circuit  through  the 
water  can  be  increased  or  diminished  at  pleasure. 

The  precision  that  physiologists  and  physicians  obtain  by  the  use  of 
the  stopper  rheostat  is  more  apparent  than  real.  A  study  of  Ohm's 
law  will  show  that  the  quantity  of  electricity  that  dows  through  the 
body  in  any  electrical  application  depends  not  alone  on  the  nature  of 
the  conducting  wire,  and  the  number  f  f  cells  employed,  but  also  on  the 
nature  of  the  electrodes,  the  quality  and  degree  of  moisture  in  them, 
the  aiiiouut  of  pressure  used,  ilicir  distance  from  eacii  other,  and  the 
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part  of  the  body  that  is  treated.  Those  who  arc  particular  to  state  the 
number  of  cells  employed,  and  the  number  of  units  interposed,  are 
therefore  much  less  precise  than  they  suppose  ;  for,  besides  all  the  quali- 
fications just  given,  the  strength  of  even  the  most  constant  cells  varies 
more  or  less  from  time  to  time  (see  chapter  on  Ohm's  Law,  pp.  66-84). 
Reports,  therefore,  that  contain  in  full  detail  the  number  of  elements 
employed,  and  the  number  of  units  interposed  in  the  circuits,  are  appar- 
ently, but  not  really,  precise ;  the  careful  physiological  researches  on 
definite  and  very  limited  portions  of  tissue,  the  statement  of  the  kind  of 
cell  employed,  and  the  number  of  them  and  the  number  of  resistances 
of  the  rheostat  interposed,  niay  convey  an  approximate  idea  of  the 
strength  of  current,  and  thus  may  be  of  service  to  other  investigators, 
but  in  the  verj'  nature  of  things  they  cannot  be  accurate.  In  the  ordi- 
nary applications  of  electio-lherapeutics,  unkss  it  be  limited  electroly- 
sis, we  oftentimes  state  the  number  and  kind  of  cells  employed,  but 
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Jiuversal    Handle^    for    Electrode?,    with    Interrupter— insulated   (Galvano-Farodic 

Manufacturing  Co.). 

always  with  the  implied  proviso  that  we  are  suggesting  approximate  and 
not  mathematfcal  truth. 

So  far  as  producing  delicate  shades  and  grades  of  sensation  is  con- 
cerned, the  water  rheostat,  when  properly  constructed  and  adjusted,  is 
fully  as  trustworthy  as  the  stopper  rheostat,  and  far  more  convenient 
for  the  operator.  A  rheostat  of  some  form,  though  not  indispensable 
in  electrical  applications,  is  yet  a  great  convenience,  and,  especially  in 
central  galvanization  and  in  local  galvanization  of  the  nerve-centres,  a 
very  great  convenience.  In  ordinary  peripheral  applications,  unless  it 
be  to  very  sensitive  parts,  the  rheostat  is  not  required. 

EUctrodts. — Of  the  many  varieties  of  electrodes,  we  shall  describe 
'  those  only  that  are  practically  useful. 

The  peculiarity  of  these  handles  (Fig.  63)  is,  that  there  is  no  exposed 
metallic  surface,  the  connection  being  njadc  at  the  closed  ends.  A  dis- 
advantage of  these  electrodes  is  that  they  can  be  used  only  with  one 
conducting  wire,  to  which  they  are  permanently  attached. 
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These  adjustable  eleclrodes,  which  are  made  of  several  differeul 
sizes,  have  long  been  to  us  indispensable.  They  can  be  fastened  by 
means  of  a  simple  cloth  band  to  any  part  of  the  body,  and  kept  there 
as  long  as  may  be  necessary. 

In  diseases  of  the  skin,  in  rheumatism,  in  sprains,  and  in  lucnors,  and 
ta  all  cases  where  it  is  desired  to  keep  the  electrode  long  in  one  spot, 
they  are  most  convenient  A  second  advantage  which  they  have,  is, 
that  they  can  be  passed  easily  under  the  clothings  thus  saving  much 
undressing  on  the  part  of  the  patient 

These  ailjustablc  electrodes  can  be  covered  with  a  sponge,  which  can 
be  sewed  through  the  hole  at  the  edge,  or  what  is  very  much  better, 
with  electrode  covers,  to  be  hereafter  described. 

We  use  these  adjustable  electrodes  in  central  galvanization,  galvan- 
ization of  the  cervical  sympathetic,  and  brain  and  spine,  and  in  a  large 
variety  of  peripheral  applications.  In  some  applications,  as  in  central 
galvanization,  one  electrode  is  adjustable,  while  the  other  held  by  the 
patient,  is  of  the  ordinary  form  with  a  handle.  We  do  not  much  use 
the  bands  that  accompany  them,  preferring  to  hold  the  electrode  iu 
position  by  allowing  the  clothing  of  the  patient  to  rest  against  it,  oi 
having  the  patient  hold  it,  by  a  little  pressure. 

In  galvanization  of  the  sympathetic,  for  example,  the  adjustable  elec- 
trode can  be  easily  placed  under  the  collar  at  the  back  of  the  neck, 
and  kept  there  by  the  pressure  of  the  clothing. 


P^l^ 


Fig.  73- 
Beard'*  Adjustable  Electrotle— small 
size — Willi  doiinel  cover. 


Fig.  74- 
Flannel  Cover  for  Adjustable  Elec- 
trode— sEoall  size. 


These  flannel  covers  are  provided  with  elastics  in  their  edges  so  thai 
they  remain  in  position  when  put  on  the  electrode,  and  are  easily  slipped 
off  and  on.  They  can  be  washed  like  towels,  and  the  expense  of  mak- 
ing  them  is  so  slight,  that  a  large  number  can  be  kept  constantly  on 
hand.  Another  advantage  of  these  flannel  covers  is  that  the  current  is 
more  painfully  felt  through  them  than  through  sponges,  and  hence  there 
is,  while  using  them,  less  liability  to  give  too  strong  currents.  We  have 
long  been  accustomed  to  use  these  covers  in  all  central  applications  o( 
the  galvanic  current 
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Fig.  8o. 
Beard's  Current- Revcrscr,  with  flexible  elecCrodcK. 

In  the  vertical  section  of  the  hard  rubber  handle,  A  A  is  represent 
IS  springing  np  aja;ainst  the  metallic  plate  on  the  upper  and  inner  sur- 
face of  the  handle.  Pressing  this  slightly  down,  metallic  connection  is 
broken  and  the  current  is  interrupted ;  yiressing  it  firmly  down,  the 
connection  is  made  and  m>ersed2X  B  B,  the  metallic  plate  on  the  lower 
surface  of  the  handle. 

C  represents  the  wires  that  connect  with  the  battery,  enclosed  in  a 
rubber  tubing  E, 

F  and  G  are  rfexible  wire  electrodes  armed  with  sponges  ;  they  can 
be  separated  several  inches  and  kept  there,  or  put  close  together  as 
represented  in  the  cut.  The  advantages  of  this  are  these  : — i.  In 
many  of  the  applications  of  localizetl  electrization  this  neat  and  simple 
arrangement  saves  considerable  expenditure  of  muscle  on  the  part  of 
the  operator.  One  hand  can  be  perfectly  free  while  the  other  holds 
and  guides  the  electrode.  In  electrizing  the  nuiscles  of  the  hand  and 
arm,  and  of  the  face  especially,  it  is  far  more  convenient  than  to  use 
s^eparate  electrodes. 

2.  In  cases  of  paralysis  of  motion  and  of  sensation,  where  voUau 
alternatives  are  sometimes  indicated,  this  is  the  easiest  conceivable 
method  of  reversing  the  current 
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Unpolaritable  Electrodes. — It  is  well  known  to  electro-physiologists 
that,  in  consequence  of  the  electrolytic  changes  that  take  place  during 
the  passage  of  a  current  from  the  electrodes  to  the  body,  a  change 
takes  place  al  the  surface  of  the  electrodes,  by  which  a  new  electrical 
action  is  set  up  that  to  a  certain  extent  interferes  with  the  main  current 
and  also  causes  pain.  Electrodes  thus  affected  are  called  polarized. 
(See  Electro -Physics,  p.  31.) 

Dr.  Hilzig,*  of  Berlin,  has  devised  electrodes  in  which  this  secondary 
electrical  action  at  the  surface  does  not  take  place ;  to  these  be  has 
given  the  name  unpolarizable  electrodes.  These  are  made  unpolariza- 
ble  by  a  solution  of  sulphate  of  rinc.  By  the  courtesy  of  Dr.  Hitzig, 
we  were  enabled  to  test  them  while  in  Berlin,  and  were  favorably  im- 
pressed with  their  action.  The  pain  produced  by  stable  galvanization 
is  soiiicttmcs  very  disagreeable,  and  by  these  electrodes  it  was  certainly 
diminished.  They  can  be  used  several  hours  without  exhibiting  any 
polarisation.  The  subject  of  unpxjlari^able  electrodes  had  jireviously 
received  the  attention  of  Regnauld,  Matteucci,  and  Du  Bois-Reyniond. 

Rubber  Covers  for  Conducting  Wires. — The  conducting  wires  con- 
necting the  electrodes  with  the  apparatus  are  covered  with  silk ;  they 
may  be  still  further  insulated  by  flexible  rubber.  We  have  long  been 
accustomed  to  use  these  rubber  covers,  and  are  much  pleased  with 
them.  If  the  rubber  is  properly  prepared  it  will  not  injure  the  silk 
covering  beneath  it.  Some  electro-therapeutists  have  rubber  coverings 
of  a  different  color  for  the  two  poles,  thus  affording  a  ready  means  of 
distinguishing  them. 

Care  of  Electrodes. — Electro-therapeutics  is  a  scries  of  details ;  ana 
among  the  more  important  of  these  details  is  the  care  of  the  electrodes. 
The  chemical  action,  even  of  the  secondary  coil  and  faradic  current,  is 
sufficient  to  corrode  any  metal  that  is  used,  except  platinum  ;  and  plati- 
num electrodes  are  rarely,  if  ever,  used  except  in  electrolytic  operations. 
The  copper  plates  used  at  the  feet  in  general  faradization  become  more 
or  less  corroded,  and  require  occasional  cleaning  in  order  to  keep  them 
bright.  All  the  general  and  special  electrodes  of  all  kinds  require  oc- 
casional polishing  with  sand- paper,  emery-paper,  or  whiting.  It  is  an 
advantage  to  have  the  electrodes,  as  well  as  the  batteries,  nickclized, 
so  as  to  reduce  corrosion  to  a  minimum. 

The  sponges  that  are  attached  to  the  electrodes  need  to  be  frequently 
washed  in  warm  water,  and  those  that  are  much  used  should  be  occa- 
sionally disinfected  with  chlorinated  solutions.     It  is  better,  however^ 

*  l'cb«r  die  Anwcndung  unpolarisirbarer  Electroden  in  der  Electrotberspic  Ber> 
liner  Klinische  Wochenschrift,  1S67,  No.  89. 
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and  partkabr  panenis,  especially  ladies,  supply  tbctr 
Btat  a  pnysidsn  wha  has  a  large  general  or  special 
«^  ted  it  'nrf  tfifioil^  if  not  impowible,  to  keep  a  lai]ge 
tMOiriiiimr  of  electrodes^  nwgpj^.  aoii  electrode  covers  always  sepa- 
me;  and  bcDce  it  becomes  ni  ri  ■imj  to  treat  nsaay  of  the  patients 
«ii&lte  iBflM-  ilMtiriiiii  To  meee  this  dlfficuity  wc  devised  the  elec- 
Irad^  coiieta».iitBft|»lwii!i  deacnbed.  These  can  be  Uirotm  oS  with  every 
ap|»)i€atkm  «ad  washed  weekly,  like  towels;  The  expense  and  labor  of 
waakio^  tttam  is  m>  si%ht  that  sane  ctectro^therapeutists,  alter  usta^i 
lirwn  a  fiaw  ttmes*  cast  them  aaiife  entirdy. 

Mitroptmt  BMittritf. — For  tJM  ake  of  our  European  readersy  we  give 
Wflf  bnaCdHcaptiiMtt  o^^  few  of  ths  banenes  that  are  at  the  present 
^t»  mnt  itMii  bf  Kma^eaa  eli  i  tin  fimipMtiifc;  All  who  coos<ilt 
ilkb  biM»k — A  imrif  Mil  a»  ««U  aa  BttraymMH— may  Und  it  of  interest  to 
>  of  thedtttenecovistnes.  A  fact  which  snch 
gaslsiiw  dMT  all  advanced  and  active  electrol- 
«gtats  in  ail  coantnes  have  zaaibe^  the  same  difficulties  and  wants  of 
iba  apecialty^  and  hamt  aoMgbt  to  overcome  them  by  similar  or  nearly 
Mlfeo^  aad  aaar^  all  have  in  a  greater  or  less  measure  sue- 
On  III*  nhfllai.  «^  spcdal  advantages  or  disadvantages  on 
■  ifce  Amaauut  }mtfmw^  <br  the  fetadic  current,  the  galvanic 
,  tad  fibr  tike  (tltaao-caatery,  are  superior  to  the  European.* 

p^  j^'ummlif  ^ffp"^'*"^ — ^This  is  enclosed  in  a  small 
f  teou  SOL  iindkaa  hijib^  tltoae  and  a  half  inches  deep,  and  six 
inches  wide  (Fi^  St),  tt  is  run  by  a  sincouiton  celL  The  primary 
and  secondary  «:Mfw.afci  are  obtained  withaat  aUftiag  the  lyoaipon  of  the 


SUArtf^t  .Pfatmttt  MiKJUnt^—This  wellJinown  se^iarate-coil  machine, 
epbkk  is  run  by  a  ssBC-carboa  cell,  is  widely  used  in  Europe. 

Duckenn^s  fxtradtc  ^paraius  is  of  the  separate^oil  variety ;  it  b 
nfetiar  ia  portability  and  convenience  to  many  other  European  as  well 
aa  to  die  Aaieiican  machinea.     It  is  ran  by  a  Bunsen's  cell 

Legtmdrt'i/mr^dk  t^p^fiotut  b  popniHr  ta  France,  on  account  of  its 
peatabOky  and  cbcapaesiL 

Gm^^sjara£c  mpfmi'mtus  ts  vecy  portable,  aad  gives  a  &ir  strength 
of  current.  He  has  made  two  forms  of  £aradic  machines*  one  run  by 
a  cbimide  of  silver  element,  and  the  other  by  a  sulphate  of  mercury 


'  For  the  eiecuroeypes  of  the  cots  that  accompaiiY  thae  deaxipciocu  of  the  English 
■sataft  we  are  indebted  to  the  ln'nifcie'F  of  \>t.  Althaus.  The  Jcacriptwas  are  cow- 
■ed  ftom  dte  tluiU  eiiiu*»  of  bia  tiesciK  on  Elcrtricify. 


EUROPEAN   APPARATUS. 

« 
Du  Bois-ReymortiTs  fxiradic  apparatus,  or  **  sledge,*'  as  it  is  called, 

is  run  by  an  element  of  Grove  or  Bunsen.  It  is  provided  with  a  "gal- 
vanic key  "  for  opening  and  closing  the  circuit  at  pleasure.  The  ma- 
chines of  Benedict  and  of  Siemens- Halske  are  modifications  of  that  of 
Du  Bois-Reymond. 

Kriiger  &  Hirschniann,  of  Berlin,  have  constructed  a  good  faradic 
machine,  which  is  run  by  a  Leclanch6  element.  It  is  arranged  for  slow 
or  rapid  interruptions. 


L-.^.^ 


^ 


Fro.  8i. 
Meyer  and  Melizer's  Faradic  Machine. 


So  far  as  we  are  able  to  learn,  none  of  these  machines  have  any 
special  advantages  over  those  of  American  manufacture  previously 
described,  and  some  of  them  are  much  inferior  to  the  most  recent 
American  improvements. 

Stbhrers  Zmc-carbon  Galvanic  Battery. — Dr.  Emil  Stohrer,  of  Dres- 
den, is  the  pioneer  in  the  art  of  making  convenient  and  trustworthy 
galvanic  apparatus  for  electro-therapeutists.  He  makes  combinations 
of  zinc- carbon  cells,  both  portable  and  non-portable.     He  was,  we  be* 
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lievc,  the  first  lo  devise  convenient  and  simple  currenl-reversers  and 
current-selectors.  These  batteries  have  the  disadvantage  of  all  zinc- 
carbon  batteries,  that  the  carbons  are  friable.  They  also  polarize 
rapidly,  though  not  so  rapidly  as  Smee's  cell,  and  if  the  plates  are  kept 
long  in  the  solution  the  current  becomes  very  weak. 


// 


'®: 
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Fid.  8a. 

Milliaimpcrcmeter  (WailcSi  Darllett). 

This  milliampereineter  (Fig.  82)  is  a  great  improvement  upon  any- 
thing we  have  hitherto  had  for  the  measurement  of  current  strength. 
Those  ordinarily  in  use  register  but  forty  or  fifty,  and  oscillate  so  pt-t. 
sistently  as  to  greatly  inconvenience  the  operator.  This  instrument, 
by  means  of  two  shunt  coils,  will  measure  as  high  as  five  hundred,  01 
as  low  as  one-tenth  of  one  millianipere.  A  reading  can  be  taken 
almost  instantly. 


CHAPTER  VL 


LOCALIZED    ELECT  RI2ATI0N. 


T^c  object  of  localized  electrisiUion  is  to  confine  the  direct  action  of 
the  current^  so  far  as  possible,  to  some  particular  part  of  the  body. 

This  is  accomplished  by  placing  electrodes  so  that  the  current^  in 
passing  from  one  to  the  other ,  shall  chiefly  traverse  only  thai  particular 
part  that  is  to  be  a^ected. 

Both  currents  may  be  localized  in  this  way,  hence  the  division  of 
localized  electrization  into  localized  faradization  and  localized  galvani- 
zation. 

The  scientific  use  either  of  localized  gaJvanitatiifn  or  faradization 
requires  as  accurate  as  possible  preliminary  diagnosis  of  the  disease. 

In  cases  of  doubt  it  is  necessary  to  electrize  in  succession  all  the 
suspected  localities  until  the  results  of  treatment  show  conclusively 
that  we  have  hit  upon  the  seat  of  the  disease.  Accordingly,  in  obsti- 
nate or  doubtful  cases  the  head,  the  cervical  synipaiheiic,  and  the 
spine,  and  tn  some  instances  the  uterus  or  organs  of  the  abdomen,  are 
to  be  successively  electrized. 

In  the  very  numerous  cases  of  doubt  also,  when  the  locality  of  the 
disease  cannot  be  ascertained,  as  well  as  in  conditions  of  irritation 
where  electrization  of  the  seat  of  the  disease  will  not  be  borne,  peri- 
pheral applications  alone  are  frequently  of  decided  service.  For  peri- 
pheral applications  both  the  galvanic  and  faradic  currents  are  used  ; 
for  central  applications,  chiefly  the  galvanic.  In  some  diseases,  as,  for 
example,  locomotor  ataxia,  in  certain  stages  it  is  better  to  treat  the 
prominent  symptoms,  as,  for  example,  the  anesthesia,  than  the  seat  of 
the  disease  in  the  spine. 

Instruments  for  Localized  Electrization. — In  localized  electrization 
the  same  galvanic  and  faradic  apparatus  are  used  as  in  general  electri- 
zation. For  localized  electrization  in  all  its  modifications  there  are 
needed  a  variety  of  electrodes  of  different  shapes  and  sizes,  to  reach 
the  various  localities  and  accomplish  the  different  indications. 
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Of  the  electrodes  there  are  three  general  forms :  the  eUctr'u  han 
the   ittitallk   brush ;   solid  metals   and  mdals  covered  with    sponge 
flannel^  linen^  or  clmmois,  thoroughly  moistened. 

Dry  or  Cutaneous  Faradization, — ^To  accomplish  dry  faradization 
the  portion  of  the  skin  over  which  the  application  is  to  be  made  should 
be  wiped  tlioroughly  dry,  or,  what  is  better  stilly  sprinkled  with  some 
absorbing  powder,  as  the  coramon  nursery  powder ;  and  the  applica 
lion  may  be  made  with  the  dry  hand  of  the  operator,  or  with  metallic 
electrodes. 

In  dry  faradization  with  tlie  band  there  is  heard  a  peculiar  crackling 
sound,  which  is  caused  by  the  sparks  that  take  place  as  die  current 
jvasses  from  different  paints  of  the  hand  to  the  skin. 

When  the  dry  hand  is  used,  the  operator  passes  the  current  through 
his  own  person,  one  of  the  electrodes  applied  to  some  near  point  by 
an  assistant,  or  held  in  the  hand  by  the  patient  himself.  Solid  metallic 
electrodes  of  vaiious  shapes  may  be  used  for  dry  electrization. 

Dry  electrization  by  the  metallic  brash  with  a  strong  current,  faradic 
or  galvanic,  is  a  very  painful  method  of  application,  and  is  to  be  re- 
sorted to  only  in  those  cases  where  there  is  profound  cutaneous  anaes- 
thesia or  in  neuralgia,  in  all  cases  where  there  is  great  sensitiveness 
the  hand  is  to  be  preferred  to  any  form  of  artificial  electrodes. 

Electric  Moxa. — The  so-called  electric  moxa  is  produced  by  using  a 
metallic  brush,  plate  or  point,  and  one  moistened  electrode.  The  dry 
electrode  is  rapidly  touched  to  the  surface  where  the  moxa  is  to  be 
made,  while  the  other  is  kept  firmly  applied  to  some  near  and  in- 
-different  point.  The  surface  of  the  skin  may  previously  be  rubbed 
very  dry,  or  sprinkled  with  some  absorbing  powder. 

The  operation  requires  a  current  of  some  strength,  and  is  exceed- 
ingly painful.  It  is  chiefly  employed  as  a  counter-irritant  in  neuralgia, 
in  which  affection  it  is  frequently  successful.  The  electric  mo-xa  may 
-also  be  produced  by  means  of  two  metallic  brushes,  one  of  which  is 
pressed  on  the  skin. 

Electrization  with  Moistened  Electrodes. — When  it  is  desired  to  affect 
the  tissues  lying  beneath  the  epidermis,  it  is  better  to  use  electrodes 
covered  with  sponge,  chamois,  or  tlannel,  thoroughly  moistened  with 
salt  water  or  ordinary  water.* 

The  size  and  shape  of  the  electrode  employed  must  be  modified  ac- 
cording to  the  situation  and  sensitiveness  of  the  part  where  the  current 

*  In  faradization  we  never  or  but  rarely  use  salt  b  the  water ;  in  galvanixatioa 
it  k  sometimes  a  great  advantagf ,  because  it  makes  the  current  more  painfully  fdl, 
mad  thus  pjrevent^  the  use  of  too  strong  currents. 
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is  to  be  localized,  and  also  by  the  sensitiveness  of  the  patient.  As  A 
rule,  small,  finely-pointed  electrodes  are  required  for  localized  faradi- 
zation of  single  muscles,  larger  electrodes  for  large  muscles,  or  groups 
of  muscles,  and  those  with  the  largest  surface  for  galvanization,  of  thr 
sympathetic,  brain  and  spine. 

When  the  current  is  localized  by  means  of  moistened  electrodes,  ii 
diffuses  itself  through  the  body  between  the  electrodes  in  various  di- 
rections. The  extent  of  this  diffusion  will  be  variously  modified  by  the 
situation  of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  lie  between  them  (see  Eleclro-Physiolog)').  It  is  manifest  also  that 
the  density  of  the  current,  other  conditions  being  the  same,  will  be  great- 
est  near  the  electrode  and  least  at  the  farthest  point  between  them.  The 
strength  of  the  curreni  being  the  same^  small  electrodes  are  more  painful 
than  those  with  a  broad  surface,  and  metallic  more  than  the  wet  sponge 
or  flannel  The  least  painful  form  of  artificial  electrode  is  a  soft  sponge, 
with  a  broad  surface,  and  well  moistened. 

Direct  and  Indirect  Electrisation,-^'^ ^o  general  methods  of  localized 
electrization  are  recognized — the  direct  and  the  indirect.  In  direct  elec- 
trization the  application  is  made  over  the  muscle  to  be  excited  In  in- 
direct electrization  the  application  is  made  to  the  nerve  which  supplies 
the  muscles.  In  the  former  method,  large  electrodes  are  preferred  ;  in 
the  latter,  usually  those  which  are  small  and  pointed.  The  faradic  cur- 
rent is  best  indicated  for  direct  electrization,  and  the  galvanic  for  indirecL 

The  points  where  the  motor  nerves  enter  the  muscles  are  called 
•motor  points."  They  have  been  carefully  demonstrated  and  located 
Dy  Ziemssen  and  ourselves. 

Definition  of  Terms. — Jn  stable  applications  both  electrodes  are  kept 
m  a  fixed  position. 

In  labile  applications  one  of  the  electrodes  is  moved  or  glided  over 
the  surface  ;  sometimes  both  of  the  electrodes  are  moved  simultaneously- 

A  current  is  called  continuous  when  it  is  allowed  to  flow  in  one  direc- 
tion without  interruption.  Only  the  galvanic  current  can  be  continuous, 
since  the  faradic  is  always  in  a  condition  of  interruption. 

A  current  is  called  interrupted  when  it  is  broken  by  removing  one  of 
the  electrodes,  or  by  some  form  of  current-breaker  in  the  electrode,  oi 
by  any  method  of  breaking  the  circuit  The  faradic  current  is  always 
bterrupted  by  its  rheotome,  but  it  may  be  still  further  interrupted  by 
removing  one  of  the  electrodes. 

A  current  is  called  uniform  when  it  remains  of  the  same  strength 
^ll^ng  the  applications  of  the  electrodes. 

A  current  is  called  by  us  increasing,  when  its  strength  is  gradually 
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augmented  during  tlie  applications.  This  method  possesses  a  great  ad- 
vantage  in  treating  conditions  of  irritation  and  inflammation.  It  may 
be  used  with  both  galvanization  and  faradization.  A  mucli  more  pow» 
erful  current  can  be  borne  when  its  strength  is  gradually  increased  than 
when  it  is  suddenly  let  on  in  full  force  with  the  first  closure  of  the  cir- 
cuit, as  is  usually  the  custom  with  the  majority  of  electro-therapeutists. 
A  current  which  when  suddenly  closed  may  cause  unbearable  pain,  and, 
when  applied  near  the  nerve-centres,  may  induce  dizziness  and  faintness» 
may  oftentimes  be  borne  without  discomfort  and  with  positive  advantage 
if  it  is  gradually  increased  from  a  very  mild  current  With  the  faradic 
current  a  mild  anaesthesia  is  produced.* 

Increasing  currents  are  indicated  in  applications  to  the  brain,  sympa- 
thetic, spinal  cord,  the  eye  and  ear,  urethra,  inflamed  joints,  and  lo « 
all  conditions  of  great  irritation  in  any  part  of  the  body. 

The  faradic  current  (of  Kidder's  apparatus)  may  be  increased  by 
slowly  withdrawing  the  metallic  tube.  To  gradually  increase  the  gal- 
vanic current,  a  rheostat  of  some  kind  is  needed.  The  galvanic  current 
can  also  be  increased  by  an  arrangement  that  gradually  adds  to  the  num- 
ber of  elements  without  interrupting  the  current,  or  when  a  sponge 
electrode  is  used,  by  slowly  increasing  the  pressure. 

The  term  voltaic  alternatives  is  applied  to  those  applications  in 
which  the  direction  of  the  current  is  reversed  continually,  while  the 
electrodes  are  kept  firm.  The  current-reverser  is  a  very  convenient 
instrument  for  producing  voltaic  alternatives  (see  p.  324). 

For  electrization  of  muscles,  labile  or  stable  interrupted  currents  are 
preferred.  For  electrization  of  the  head,  spinal  cord,  sympathetic,  and 
nerve-tracts  and  ]jlexuses,  stable  continuous  currents  are  indicated,  and 
these  again  may  be  either  uniform  or  increasing.  Labile  or  stable  in- 
terrupted currents  are  best  adapted  to  produce  muscular  contractions, 
and  cause  most  potent  physical  and  mechanical  effects,  while  stable 
continuous  currents,  whether  uniform  or  increasing,  produce  the  strong- 
est  electrolytic  or  catalytic  action. 

In  cases  where  the  electro-muscular  contractility  is  not  greatly  di- 
minished, it  is  an  advantage  to  use  electrodes  with  a  broad  surface, 
since  tliereby  several  motor  points  may  be  influenced  simultaneously, 
together  with  a  considerable  extent  of  muscular  tissue,  and  because 
they  are  less  painful  than  small  electrodes.  In  such  cases  the  faradic 
current  is  preferable. 

When  the  electro-muscular  contractility  is  very  greatly  diminished,  as 

*  See  an  article  on  Faradic  Ansesthesii,  by  Dr.  A.  7tipier,  of  Paris,  in  Archires  o* 
Electrology  and  Neurology,  May,  1S74 
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to  frequently  happens  in  paralysis,  contractions  are  best  produced  by 
small,  finely  pointed  electrodes,  applied  at  the  motor  points  of  the  in- 
dividual muscles ;  yet  even  here  electrodes  of  moderate  size  are  usually 
preferable.     Such  cases  often  require  the  galvanic  current 

Details  of  Applications  of  Localized  EUctrizaiion, 

Galvanization  of  the  Central  Nen'ous  System, — It  is  necessary  to  bear 
in  mind  at  the  outset,  that  to  produce  powerful  electrolytic  eflfects  on 
the  brain,  spinal  cord,  and  synipathetic,  the  galvanic  current  is  prefer- 
able to  the  faradic,  although  the  faradic  current  certainly  aiSects  the 
nerve-centres. 

Galvanization  of  the  Head. — The  head  may  be  electrized  in  a  variety 
of  ways,  according  to  the  supposed  seat  of  the  disease.  One  pole  may 
be  placed  on  the  forehead  and  the  other  on  the  occiput ;  or  both  poles 
may  be  placed  over  the  ears,  or  on  the  mastoid  processes.  Another 
method  which  we  frequently  adopt  Ls  to  place  the  positive  pole  on  the 
summit,  over  the  supposed  organ  of  firmness,  and  the  other  at  the  oc- 
ciput, or  under  the  chin- 
To  affect  the  base  of  the  brain,  the  electrodes  may  be  placed  on  or 
behind  the  mastoid  processes.  To  confine  the  action  to  one  side  of 
the  brain,  one  electrode  may  be  placed  on  the  forehead,  over  the  eye, 
and  the  other  on  the  mastoid  process  of  the  same  side.  The  patient 
may  hold  one  of  the  iK>les  m  the  hand.  Still  another  method  less  used 
is  to  place  an  electrode  on  each  temple. 

Less  dizziness  is  caused  if  the  current  is  opened  and  closed  with  the 
positive  than  with  the  negative  pole.  It  is  well,  therefore,  to  first  apply 
tlie  negative  pole. 

Less  dizziness  is  caused  when  the  current  flows  through  one  side  of 
the  head,  or  Crom  the  forehead  to  the  occiput,  than  when  it  is  sent  from 
one  side  to  the  otlier,  through  the  mastoid  processes  (see  Electro- 
Physiology,  p.  113). 

The  use  of  some  kind  of  a  rheostat,  so  as  to  avoid  interrupting  the  cur- 
rent or  giving  sudden  "  shocks  "  on  closing  and  openings  is  almost  indis- 
pensable in  electrising  the  drain  and  neck.  With  regard  to  the  direction 
of  the  current,  it  is  usually  better  to  place  the  negative  pole  nearest  the 
neck,  and  the  positive  pole  nearest  the  forehead.  But  this  rule  is  liable 
to  many  exceptions,  and  each  case  must  be  studied  by  itsel£* 

Electrization  of  the  head  produces  flashes  of  light  through  irritation 
of  retina,  and  dizziness,  which  with  many  is  disagreeable.     If  the  a^ 


*  Sec  remarks  on  polar  eflects,  p.  102. 
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plication  is  too  long  continued^  headache  and  insomnia,  and  genera! 
malaise^  may  result.  Patients  whom  a  short  application  through  the 
head  benefits,  are  sometimes  injured  when  the  stance  is  protracted. 
Galvanization  of  the  head  should  be  made  with  broad  electrodes,  with 
a  stable  current,  which  may  be  either  uniform  or  increasing,  and  should 
not  exceed  from  one-half  a  minute  or  three-quarters  of  a  minute,  to 
five  or  ten  minutes,  and  with  a  mild  current. 

To  all  these  rules  in  regard  to  the  strength  of  currents  there  are  ex- 
ceptions. There  are  cases  of  even  very  delicate  patients  that  will  bear 
almost  any  amount  of  electricity  through  the  head  and  neck. 

Galvanization  of  the  Cervical  Sympathetic, — The  portion  of  the  sym- 
pathetic to  which  galvanization  is  chiefly  directed  for  therapeutical  pur- 
poses is  the  cervical,  although  the  cephalic,  thoracic,  and  abdominal 
ganglia  are  unquestionably  affected  by  it,  though  not  with  so  specific, 
demonstrable,  and  immediate  results. 

There  are  a  number  of  methods  by  which  the  superior,  middle,  and 
inferior  cervical  ganglia  may  be  demonstrably  affected  by  the  galvanic 
current. 


Fio.  83. 
Galvuiialion  of  (he  Cervical  S3rmpathetlc 


I.  One  electrode  with  an  oblong  extremity  is  placed  in  tne  aunculo» 
maxillary  fossa,  while  the  other  with  a  larger  surface  is  applied  over, 
or  by  the  side  of  the  sixth  and  seventh  cervical  vertebiae  (see  Fig.  95). 

The  second  electrode  may  also  be  applied  at  any  point  along  the 
•pine,  from  the  occiput  to  the  coccyx.  It  is  by  this  method  thatdiplegic 
contractions  are  usually  produced  with  most  success. 
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a.  The  first  electrode  being  placed  as  before,  in  the  auriculo-maxillary 
fossa,  the  other,  with  a  surface  of  moderate  diameter,  is  applied  just 
Above  the  manubrium  sterni,  by  the  side  of  the  sterno^ideido-mastoid 
muscle  (see  Fig.  96}. 


Fig.  64. 
Galranization  of  the  Cervical  S}anpathetic,  indudlng  th«  PDeamo^stri& 


The  second  electrode  may  also  be  applied  higher  up  in  the  neck,  op 
posite  the  middle  cervical  ganglion. 

The  above  are  the  two  methods  which  have  been  most  frequently  em- 
ployed.    Other  methods  are  the  following. 

3.  The  first  electrode  being  placed  as  before,  the  other  may  be  ap- 
plied on  the  shoulder,  elbow,  or  in  the  hand  of  the  opposite  side,  or  in 
the  axilla. 

4.  Both  sides  may  be  ^Ivanized  simultaneously,  by  placing  an  elec- 
zrode  over  the  mastoid  processes. 

5.  One  electrode  is  placed  just  above  the  manubrium  sterni,  and  the 
other  at  any  point  down  the  spiie. 

6.  One  electrode  is  placed  over  the  sixth  and  seventh  cervical  verte- 
brae, and  the  other  over  the  brachial  plexus,  at  the  pit  of  the  stomach, 
just  above  the  manubrium  sterni,  in  either  hand,  or  at  the  feet. 

In  all  these  methods  either  direction  of  the  current  may  be  used,  ac- 
cording as  calming  or  irritating  effects  are  desired  (see  p.  281). 

Concerning  the  physiological  effects  of  galvanization  of  the  sympa^ 
thetic  see  Electro- Physiology,  p.  128. 

Applir'tions  to  the  sympathetic  should  be  made  from  one  to  ten 

29 
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minutes,  and  with  from  five  to  twenty-five  cells.  Several  methods  may 
be  tried  at  a  single  sitting  in  cases  where  the  applications  are  well 
borne. 

Bcanng  in  mind  that  in  all  such  attempts  to  galvanize  the  cen'icaJ 
sympathetic,  the  pneumogastric  and  spine  must  be  more  or  less  influ- 
enced, the  general  indications  for  the  use  of  this  method  of  treatment 
to  which  experience  would  seem  to  point  are  these  : — 

t.  Cerebral  ansemia  and  hyperasjiiia.  These  conditions  arc  associated 
with  and  are  a  part  of  a  large  variety  of  diseases.  Insomnia,  hemiplegia, 
tic  douloureux,  many  diseases  of  the  eye  and  ear,  as  neuro-retinitis,  ner- 
vous deafness  and  tinnitus  auriuni,  are  all  more  or  less  associated  with 
cerebral  anaemia,  hyperaeniia,  and  all  have  been  treated  by  galvanization 
of  the  cervical  sympathetic,  with  more  or  less  success. 

2.  Disorders  o[  the  vasomotor  nerves.  Under  this  head  may  be  in- 
cluded some  cases  of  deficient  circulation,  cutaneous  hyperaesthesia,  and 
certain  diseases  of  the  skin. 

3.  Functional  diseases  of  the  digestive  and  genital  apparatus.  Gal- 
vanisation of  the  sjTiipathetic  in  these  conditions  seems  to  work,  partly 
at  least,  by  reflex  action,  and  partly,  also,  by  the  influence  which  the 
spinal  cord  and  pneumogastric  receive  during  the  applications. 

It  is  scarcely  necessary  to  reinark  that  the  exclusive  use  of  galvanU 
saiion  of  the  cervical  sympathetic  is  indicated  only  in  exceptional  cases. 
It  is  to  be  employed  in  connection  or  alternation  with  general  faradiza- 
tion and  galvanization  of  the  brain,  spinal  cord,  and  periphery.  A  note- 
worthy advantage  of  this  method  of  treatment  in  those  cases  for  which 
it  is  of  service  is  the  comparatively  short  time  required  for  its  employ- 
ment. 

The  objection  that  galvanization  of  the  cervical  sympathetic  is  a 
dangerous  procedure  will  be  considered  in  the  chapter  on  central  gal- 
vanization. 

Galvanization  of  the  Spine. — The  spine  maybe  electrized  by  placing 
one  electrode  at  the  occiput,  and  the  other  at  the  coccyx.  One  of  the 
electrodes  may  be  kept  in  situ,  while  the  other  is  slowly  passed  up  and 
down  the  entire  length  of  the  cord.  Either  ]>ole  may  be  passed  up  and 
down  in  this  way  according  to  the  effect  desired. 

The  current  may  also  be  localized  in  any  part  of  the  spine  that  may 
be  required,  by  giving  the  electrodes  the  proper  position.  The  appli- 
cations may  be  made  with  ten  cells  and  upwards,  and  should  not  usually 
exceed  five  or  ten  minutes.  The  applications  should  be  sensitively 
felt,  like  a  gentle  mustard  plaster,  but  should  not  be  cxccsaivcly  pain 
fill,  like  a  blister. 
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Ehctritation  of  Plexuses^  Nerves ^  and  Muscles. — Plexuses,  nerves, 
and  muscles  are  treated  by  both  current«  (see  chapter  on  difTerentia. 
indications  for  the  use  of  the  galvanic  and  faradic  currents). 

One  electrode  raay  be  applied  to  a  plexus  and  the  other  to  one  of  its 
branches,  or  to  a  muscle  or  group  of  muscles.  Both  electrodes  raay  be 
applied  to  the  nerve,  or  one  to  tl^e  nerve  and  the  other  to  a  muscle ;  or 
botJi  may  be  applied  to  a  muscle  or  group  of  muscles.  All  these  appli* 
cations  may  be  made  either  with  or  without  regard  to  the  direction  of 
the  current,  and  different  methods  may  be  tried  at  the  same  stance. 

In  aU  the  positions  described  in  the  above  cuts,  contractions  should 
be  produced  with  mild  faradic  currents,  when  the  electrodes  are  in  the 
position  represented.  If  very  strong  currents  are  necessary  or  no  eon- 
tractions  are  possible^  the  muscles  are  in  a  condition  of  disease. 

Peripheral  applications  are  indicated  where  the  diseoLse  is  purely  of  a 
peripheral  character;  the  partly  central  applications  are  indicated  where 
the  disease  is  of  a  central  origin. 

Labile  interrupted  applications  are  indicated  where  it  is  desired  to 
produce  mechanical  effects  or  muscidar  contractions,  as  in  anaesthesia 
and  paralysis. 

Stable  continuous  applications  are  indicated  where  it  is  desired  to 
produce  electrotonic,  chemical,  or  catalytic  effects,  as  in  neuralgia, 

Benedikt*  makes  the  following  somewhat  over-refined  subdivisions 
of  the  metliods  oi  galvanization  of  the  centre  and  periphery  : 

Spinal-cord  current :  both  poles  are  placed  on  the  spine,  either  near 
together,  or  at  some  distance  from  each  other. 

Spinal-cord-root  current :  one  pole  is  placed  on  the  spine,  and  the 
other  is  passed  up  and  down  by  the  sides  of  the  vertebrae. 

Spinal  cord-plexus  current :  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  plexus  of  nerves. 

Spinal-cord- nerve  current :  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  nerve. 

Spinal-cord-muscle  current:  one  pole  is  placed  on  the  spine  and  the 
other  on  a  muscle. 

Plexus-nerve  current:  one  pole  is  placed  on  a  plexus  of  nerves  and 
the  other  on  a  nerve. 

Nerve-muscle  current :  one  pole  is  placed  on  a  nerve  and  the  other 
on  a  muscle. 

These  currents  may  be  either  stable  or  labile^  continuous  or  inter- 
ruptedy  uniform  or  increasing. 


•  Op.  cit.,  p.  $6. 
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Jiff^ct  of  Curnnt  modified  by  the  Length  of  Apf>luati0n. — l*he  sensa^ 
lions  and  the  effects  of  electrical  applications  are  considerably  modified 
by  the  length  of  time  that  the  electrodes  are  kept  in  position.  When  the 
faradic  current  is  first  applied  to  the  skin,  it  causes  a  stinging,  pricking 
sensation,  perceptibly  strongest  at  the  negative  pole  ;  if  the  electrodes 
are  kept  in  position  the  sensation  may  gradually  diminish,  and  the  parts 
will  become  very  slightly  benumbed,  and  if  now  the  strength  of  the  cur- 
rent be  gradually  increased,  little  or  no  additional  pain  is  caused.  If 
the  current  is  at  first  very  strong,  it  cannot  be  borne  long  enough  to  pro- 
duce this  benumbing  effect. 

When  the  galvanic  current  is  first  applied  to  the  skin  it  causes  no 
sensation  or  scarcely  any,  unless  it  be  very  strong  or  is  directed  over  or 
near  a  motor  nerve ;  if  the  electrodes  are  kept  in  position  for  a  few 
seconds,  a  slight  burning  sensation  is  fell  at  both  poles,  but  strongest  at 
the  negative.  This  burning  sensation  increases  quite  rapidly  until  the 
sensation  it  causes  is  like  that  of  a  strong  mustard  plaster,  or  hot  iron,  and 
becomes  unendurable.  The  benumbing  effect  of  the  faradic  current  is 
not  experienced.  The  fact  that  the  galvanic  current  is  but  little  felt  at 
first,  leads  those  physicians  who  have  not  been  accustonjed  to  it  to  use 
it  altogether  too  strong.  This  increase  of  the  pain  under  the  galvanic 
current  is  due  to  two  causes — the  moistening  of  the  skin  through  the 
moisture  of  the  electrode,  so  that  it  becomes  a  belter  conductor  of  elec- 
tricit)-,  and  the  special  chemical  action  of  die  poles  (see  Electro- Physi- 
ology, p,  iSi).  This  increased  conductivity  of  the  skin  is  the  partial  if 
not  complete  explanation  of  the  fact  that  the  muscles  contract  under  a 
feebler  current  after  the  electrodes  have  been  some  time  in  one  place.  It 
is  not  impossible,  however,  that  the  nerves  or  muscles  may  be  so  slimu- 
lated  by  the  current  as  to  contract  more  readily  than  before  stimulation. 

The  reverse  proposition,  that  strong  currents  used  for  a  long  time 
enfeeble  the  nerves  and  uvuscles  so  that  they  respond  less  readily  to  the 
current,  is  certainly  true,  and  is  easy  of  demonstration,  especially  in  cases 
of  facial  paralysis.  For  this  reason,  prolonged  applications  frequently 
do  more  harm  than  good. 

Effects  of  Localized  Electrization. — Localized  electrization  has  to  a 
limited  extent  the  same  direct  effect  on  the  part  to  which  the  applica- 
tion is  made  that  general  electrization  has  on  the  whole  body.  It  acts 
as  a  locally  stimulating  tonic 

Improvement  in  Local  Nutrition  the  leading  effeei  of  Localised  Elec- 
trisation.— The  leading  and  general  effect  of  localized  electrization,  and 
one  which  is  a  complex  result  of  the  various  special  effects,  is  improve 
tterU  in  local  nutrition. 
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Localized  electrization  of  an  atrophied  or  poorly  nourished  musclt 
causes  that  louscle  to  improve  in  size  and  strength  ;  localized  electriza- 
tion of  an  atrophied  or  poorly  nourished  organ,  as  the  uterus,  causes  it 
to  increase  in  size  and  improve  in  functional  activity. 

Localized  electrization  of  any  part  of  the  cerebro-spinal  system  im- 
proves the  nutrition  of  that  part,  and  as  a  res\dt  the  whole  body,  ovei 
which  the  cerebro-spinal  system  preside?,  may  improve  in  nutrition. 
Thus  localized  may  indirectly  have  some  of  the  same  effects  as  general 
electrization.  Similarly,  also,  as  we  descend  from  the  centre  toward  the 
periphery  electrization  of  any  nerve  branch  or  plexus  imjiroves  the  nu- 
trition, not  only  of  the  nerve  acted  on,  but  also  of  its  various  branches, 
and  of  the  muscles  and  organs  that  it  supplies. 

When  the  nutrition  of  an  atrophied  part  is  improved  it  grows  larger ; 
when  the  nutrition  of  a  hypertrophied  part  is  improved  it  grows  smaller. 
The  same  treatment  that  makes  a  flabby  muscle  increase  in  size  causes 
a  goitre  to  diminish  in  size.  These  opposite  effects  of  the  local  use  of 
electricity,  though  apparently  inconsistent,  are  yet  quite  consistent  (see 
Electro-Physiology,  p.  tgi  ;  and  Electro-Surgery,  chapter  on  Tumors). 

The  jr/<raa/ effects  of  localized,  unlike  those  of  general  electrization, 
cannot  be  broadly  stated  or  classified,  for  the  obvious  reason  that  they 
must  so  largely  depend  on  the  locality  to  which  the  application  is  made. 

Although  applications  to  the  centra!  nervous  system  are  sometimes 
followed  by  mild  and  limited  degrees  of  the  primary,  secondary,  and 
permanent  effcqts  that  result  from  general  faradization  or  central  gal- 
vanization  ;  yet  the  cases  where  the  full  order  of  these  effects  is  so 
marked  and  decided  as  to  be  observed  are  comparatively  unfrequent. 

Applications  to  the  brain  and  sympathetic  system  may  be  followed 
primarily  by  relief  of  pain,  slight  exhilaration,  a  feeling  of  warmth  or 
somnolence ;  secondarily  by  fatigue,  headache,  or  soreness  of  the 
muscles,  or  exacerbation  of  the  morbid  symptoms ;  and  permanently  by 
improvement  in  sleep,  strength,  and  capacity  for  labor. 

But  this  ffrder  of  effects  from  loi^iized  electrization  is  exceptional,  even 
rom  applications  made  to  the  head.  More  frequently  the  permanent 
effects  are  experienced  without  the  primary,  or  perhaps  both  the  per- 
manent and  secondary,  and  sometimes  only  the  latter. 

Yet  none  of  these  constitutional  effects,  in  whatever  order  they  may 
occur,  are  experienced  to  the  extent  that  is  derived  from  general  fara- 
dization. 

The  agreeable  symptoms  which  are  most  frequently  observed  afta 
localized  applications  to  the  nerve-centres  are  disposition  to  sleepy  relief 
of  keadoihe  or  oiher  pain,  and  occasionally  slight  exkilaraiion. 
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Sometimes  the  beneficial  results  of  electrization  of  paralyzed  muscles 
follow  immediately  after  the  application.  The  patient  is  conscious  of 
an  ability  to  use  the  muscles  treated  with  greater  ease  and  freedom. 
This  improvement  may  be  merely  temporar)',  or,  as  is  more  frequently 
the  case,  partial  relapses  occur,  leaving  a  certain  amount  of  permanent 
benefit.  Immediate  relief  of  neuralgic  pain,  and  of  the  reverse  con- 
dition, anaesthesia,  may  follow  localized  as  well  as  general  electrization. 
The  temporary  relief  of  the  neuralgia  may  be  complete,  while  that  of 
anaesthesia  is  usually  only  partial  and  limited.  In  both  conditions  the 
€\il  symptoms  may  recur,  or  a  certain  amount  of  permanent  benefi* 
may  remain. 

Among  the  disagreeable  symptoms  are  dizziness,  heaviness^  oppres- 
sion, headache^  soreness  in  the  muscles^  exhaustion^  and  indefinable  ner- 
vousness. 

These  disagreeable  symptoms  are  most  likely  to  result  from  applica 
tions  that  have  been  either  too  severe  or  too  protracted  for  the  con 
dition  of  the  patient ;  and  yet  they  should  by  no  means  excite  alarm 
since  they  often  accompany  the  most  successful  results.  These  un 
pleasant  symptoms  are  more  likely  to  follow  the  use  of  the  galvani« 
•current  than  the  faradic,  especially  when  the  applications  are  protracted 
The  opinion  that  has  been  expressed  by  certain  writers,  that  the  head  i& 
more  likely  to  be  unpleasantly  affected  by  the  faradic  than  the  galvanic 
■current,  is  not  sustained  by  experience.  The  phenomena  of  dizziness, 
heaviness,  etc,  frequently  experienced  after  even  a  very  short  applica- 
tion to  the  head,  are  but  rarely  observed  when  the  faradic  current  of  a 
continuous-coil  apparatus  is  employed,  with  a  large  soft  sponge,  or  the 
hand  of  the  operator. 

Applications  of  localized  electrization  to  individual  muscles  or  group* 
of  muscles  rarely  give  rise  to  any  constitutional  symptoms  whatever, 
unless  the  electrodes  are  placed  on  or  near  the  head. 

The  special  effects  of  localized  electrization  of  special  organs,  as  the 
eye,  ear,  larynx,  stomach,  liver,  intestines,  uterus,  ovaries,  bladder,  etc., 
will  be  described  in  the  chapters  devoted  to  the  treatment  of  the  diseases 
of  these  organs. 

Absolute  Localization  of  Electricity  impossible, — It  should  be  con- 
sidered that  exclusive  and  absolute  localisation  of  the  effects  of  electriza- 
tion is  impossible.  The  effects  of  both  currents  extend,  either  directly 
or  by  reflex  action,  to  parts  beyond  the  circuit.  This  is  demonstrated,  not 
only  by  physiological  experiments,  but  by  the  observed  facts  of  clinical 
experience.  Thus  it  is  observed,  in  some  irritable  conditions,  that 
galvanization  of  the  spine,  and  even  of  the  extremities,  causes  a  metallic 
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taste  J  that  galvanization  even  of  the  hands  or  feet  sometimes  hastens 
ur  increases  the  menstrual  discharge,  relieves  headache,  and  produce* 
sleep.  The  same  effects  to  a  less  degree  arc  sometimes  observed  from 
faradization. 

Some  of  the  illustrations  of  this  fact  are  quite  striking.  Thus  in  the 
case  of  the  wife  of  a  physician  whom  we  were  treating  by  faradization  of 
the  shoulder  for  rheumatism,  the  menstrual  flow  was  so  much  increasf'd 
and  prolonged  that  it  was  necessary  to  abandon  the  treatment,  although 
only  very  mild  currents  and  short  applications  were  used. 

In  the  case  of  a  tady  whom  we  were  treating  for  sciatica,  by  localized 
galvanization  of  the  painful  portion  of  the  nerve,  the  pain  ¥ras  de- 
cidedly relieved,  but  the  effect  was  to  bring  on  a  recurrence  of  tlie 
menses  after  they  were  suspended,  so  tlut  the  patient  was  nearly  all 
the  time  menstruating. 

These  illustrations  are  extreme  and  comparatively  rare,  but  they 
serve  to  show  clearly  enough  that  the  effects  of  electrization  cannot 
well  be  localized  to  the  points  between  the  electrodes,  and  that  other 
and  distant  parts  must,  of  necessity,  be  more  or  less  »;-5ected. 

The  term  /aca/ized  c\cctr\ia.uon^  introduced  by  Duchenne,  is  therefore, 
strictly  speaking,  a  misnomer,  since  we  are  taught  by  physics  that  the 
vibrations  of  the  electrical  force  must  diffuse  themselves  in  various  direc- 
tions, and  at  a  considerable  distance  from  die  electrodes,  and  we  are 
taught  by  clinical  experience  that  the  effects  of  electrization,  however 
near  together  the  electrodes  may  be  placed,  are  not  entirely  confined 
to  tlie  points  between  or  near  the  electrodes,  but  may  be  felt,  and  in 
some  instances  far  more  demonstrably,  in  distant  parts  and  organs. 

To  the  use  of  the  term  localized  electrization,  there  is  no  objection, 
provided  it  be  used  understandingly,  and  with  the  idea  that  it  is  merely 
a  term  of  convenience.  The  term  local  electrization  is  often  iised 
synonymously  with  localized  electrization,  and  for  the  reasons  here 
suggested  is  preferable  to  it.  Localized  electrization  has  the  advantage 
of  being  first  in  the  field,  and  has  become,  to  a  certain  extent,  con- 
secrated by  usage. 
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Tht  objut  proposed  in  general  faradisation  is  to  bring  every  portion 
pf  the  body  under  the  influence  of  the  faradic  current^  so  far  as  is  pos- 
sible, by  exUrnal  applications.  This  is  best  cucomplished  by  placing 
wu  pole  {usually  the  negative)  at  the  feet  or  the  coccyx^  while  the  other 
is  applied  orer  the  s^irface  of  the  body. 

The  faradic  is  the  current  which  is  almost  exclusively  employed  in 
general  electrization,  and,  for  that  reason,  the  directions  and  explana- 
tions given  in  this  section,  with  the  exceptions  that  will  be  noted,  apply 
mainly  and  specially  to  general  faradization.  Since  the  discovery  of 
central  galvanization,  to  be  hereafter  described,  we  have  discarded  the 
term  general  electrization^  and  substituted  gan^t^  faradisation^  for  the 
reason  that  the  galvanic  current  '\&  preferably  used  in  the  form  of  cen- 
tral galvanization. 

In  the  majority  of  cases  it  is  more  convenient  and  satisfactory  to 
have  a  sheet  of  copper  at  the  feet.  This  position  is  indeed  the  rule  m 
general  faradization.  The  broad,  callous  soles  of  the  feet  are  but 
slightly  sensitive,  and  will  bear  a  stronger  current  than  any  other  por- 
tion of  the  surface  of  the  body.  But  the  passage  of  electricity  through 
the  ankles  causes  vigorous  contractions  of  the  flexors  and  extensors, 
wliich,  when  the  current  is  very  strong,  may  be  somewhat  painful  Ac- 
cordingly, when  the  patient  is  peculiarly  nervous  and  sensitive,  or  whei> 
a  current  of  unusual  strength  is  to  be  employed,  and  in  all  cases  where 
a  stronger  application  is  desired  than  can  be  borne  through  the  ankles, 
or  when  it  is  desired  to  save  time  or  inconvenience,  it  is  advisable  to 
have  the  patient  sit  on  the  plate,  or  a  sponge  electrode  with  a  broad 
surface  may  be  applied  to  the  coccyx. 

In  general  faradization,  as  in  localized,  the  currents  may  be  stabU 
(stationary)  or  labile  (moving),  uniform  or  increasing. 

Increasing  currents  are  adapted  for  certain  important  centies,  as  the 
bead,  spine,  cervical  sympathetic,  and  cilio-spinal  and  epigastric  regions. 
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The  advantage  of  this  method  of  application  is  that  it  allows  the  use  of 
a  stronger  current  than  will  otherwise  be  borne ;  the  strength  of  ihfl 
current  may  be  so  very  gradually  increased  that  the  increase  within 
certain  limits  may  be  almost  iniperceprible  to  the  patient.  This  arises 
partly  from  the  fact  that  the  current  has  a  slight  benumbing  or  anaesthetic 
effect  (see  Electro-Physiology,  p.  iii),  and  partly  from  the  fact  that  by 
a  gradual  increase  of  the  strength  of  the  current  tlie  patient  is  spared 
the  shock  that  is  experienced  when  a  strong  current  is  suddenly  directed 
through  sensitive  portions  of  the  body. 

Labile  and  m/<?rr«//<r^  currents  are  adapted  for  the  muscles,  espedally 
of  the  extremities. 

General  faradization  is  very  far  from  being  so  easy  a  process  as  it 
might  appear  from  this  brief  description.  Its  successful  employment 
requires,  on  the  part  of  the  operator,  some  mechanical  dexterity,  entire 
familiarity  with  the  instruments  reqtiired,  a  complete  knowledge  of 
electro-therapeutical  anatomy  ;  a  personal  acquaintance  with  the  sen- 
sations and  behavior  of  alt  portions  of  the  body  under  the  diflferent 
electric  currents  ;  close  and  patient  study  of  the  diseases  and  morbid 
conditions  in  which  it  is  indicated,  and  of  their  response  to  faradization. 
There  are  those  who  b)'  long  practice  are  enabled,  when  necessary,  to 
readily  manipulate  any  portion  of  the  body  with  either  hand,  while  there 
is  passing  through  them  a  current  so  powerful  as  to  keep  many  of  the 
principal  muscles  of  the  arms  in  a  state  of  contraction.  This  qualifica- 
tion, however,  though  convenient,  is  not  indispensable. 

On  the  side  of  the  patient,  success  in  the  use  of  general  faradiza- 
tion requires  something  of  the  same  patience  and  perseverance  that 
are  conceded  to  be  necessary  for  success  in  the  use  of  any  other  form 
of  electrical  treatment. 

Nothing  is  more  difficult  than  to  fully  and  accurately  describe  in 
words  an  operation  that  in  its  very  nature  demands  actual  sight  and 
experience.  The  true  method  of  learning  the  art  of  general  faradiza- 
tion is  by  repeated  obsen,'3tions  of  its  application  to  the  /mn^  subject, 
by  personal  experience  of  its  sensations  and  results  at  the  hands  of 
practised  adepts,  and  by  long  and  various  experimenting  on  diverse 
temperament,  and  in  opposite  states  of  disease.  We  shall  enJeavor, 
however,  to  present  the  best  possible  substitute  for  a  course  of  private 
lessons  or  extended  clinical  observation  in  this  department,  by  answer- 
ing in  detail  the  practical  questions  that  naturally  present  themselvei 
to  one  who  approaches  the  subject  ab  initio^  and  who  has  no  oppor< 
tunity  for  personal  interviews  with  those  to  whom  the  various  steps  of 
the  operation  ha%e  become  already  famiha-. 
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Anmad  dm  biat*  ball  shonld  be  looseij  lioldcd  a  soft  vet  sponge, 
«l  flbdsC  tb  inches  to  diameter.  This  b  fooskdr  bjr  experieace,  to  b« 
by  far  the  mou  comrenient  fonn  of  arafidai  ekiijude  that  caa  be 
deviled.  Neat  to  the  moutezied  haad  of  due  opexator  U  is  the  most 
ffrtfftH*  to  the  patient  of  any  sh^ie  or  quality  of  electrode.  The 
tponge  can  be  prened  or  folded  over  the  brass  ball  so  as  to  make  a 
iomfrarativcly  Mnall  electrode,  or  its  entire  sor&oe  may  be  applied. 

When  the  operator  allows  the  current  to  pass  through  his  own 
pcrtOBt  and  uses  his  hand  as  an  electrode,  holding  the  sponge  and  ball 
in  hia  other  baad,  he  can  modify  the  application  to  any  degree  of 
ftrength  or  nildneM  that  he  may  desire,  by  simply  increasing  or  di- 
nnnathing  the  pressure  of  his  hand  or  fingers  on  the  sponge.  Used  in 
thif  way  the  sponge  holding  the  water  acts  like  a  hydro-rheostat  (see 
|X  319).  When  it  is  necessar)  that  the  applicat'oa  should  be  partioilarl) 
gmttc  and  cautious,  it  is  well  to  rest  t  e  ball  and  sponge  on  the  table 


and  to  begin  the  treatment  by  first  pressing  one  hand  firmly  over  the 
part  desired  to  be  affected,  and  with  the  other  lightly  and  delicately 
touching  the  sponge,  at  first  with  one  finger,  then  with  two,  three,  and 
four  successively,  and  finally  with  the  whole  hand,  thus  giving  a  very 
gradually  increasing  current.  Raines'  electrode,  which  is  a  sponge 
covered  at  the  back  with  rubber,  is  very  convenient  for  general  fara- 
dization. 

k  piece  of  copper  plate  is  recommended  for  the  negative  electrode 
because  it  is  found  b}  experience  to  be,  on  the  whole,  more  conve 
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nient  than  any  other  arrai^emeDE  diat  has  jet  been  suggested.  The 
bovrli  of  wann  water,  large  tpoageSf  etc,  that  have  b«en  suggested, 
arc  not  only  much  less  cleanly  and  coorenient  than  the  copper  plate, 
bot  are  also  much  poorer  condoctorL  MetalUc  slippers  are  more 
troublesome  than  the  broad  plate,  thoagh  their  appearance,  perhaps, ' 
is  more  omamentaL  It  needs  more  care  to  put  on  the  slippers,  and 
if  the  patient  loses  his  self-control  during  any  stage  of  the  application, 
and  throws  up  his  feet,  it  is  something  of  a  task  to  find  the  slippers 
again  and  accurately  adjust  them. 

In  the  use  of  the  copper  plate  these  details  must  not  be  forgotten  : 
J^irsf,  to  keep  it  well  warmed,  in  cold  weather,  by  a  piece  of  heated 
soap-stone  beneath  it;  secondly^  to  keep  it  slightly  moistened  widkf 
warm  water,  in  order  to  improve  the  connection. 

If  only  one  foot  is  apphed  to  the  copper  plate,  the  pain  in  the  ankle, 
during  certain  stages  of  strong  applications,  will  be  unendurable.  In 
mild  applications  it  is  sufficient  to  have  one  foot  on  the  plate.  It  is 
necessary  ever  to  bear  in  mind  the  nile,  that  the  pain  of  electrical 
applications,  other  conditions  being  equal,  is  in  inverse  proportion  to 
the  surface  of  the  electrode.  The  lar;ger  the  surface  of  the  electrode — 
whether  positive  or  negative— the  less  the  padn.  In  this  fact  consists 
the  advantage  of  using  large  sponges. 

In  general  faradization  the  pain  at  the  negative  pole  is  chiefly  felt  at 
the  ankles,  and  somewhat  at  the  toes,  but  not  on  the  bottom  of  the 
feet.  The  feeling  of  constriction  in  tlie  ankles  is  caused  by  the  rapid 
and  violent  contractions  of  the  muscles.  If  only  one  foot  is  applied  to 
the  plate  the  entire  force  of  the  current  nmst,  of  course,  be  borne  by 
that  foot,  and  furthermore,  the  other  limb  will  receive  no  direct  benefit 
from  the  treatment. 

The  trouble  of  removing  the  shoes  and  stockings  may  be  obviated  by- 
placing  a  large  sponge  connected  with  tlie  negative  pole  at  the  coccyx, 
or  on  the  thighs. 

Facility,  skill,  and  readiness  in  use  of  the  various  methods  of  modi- 
fying the  strength  and  quality  of  the  current  is  one  very  important  secret 
of  success  in  the  use  of  general  faradization.  A  skilful  operator  will 
cause  less  discomfort  with  a  strong  current  than  one  tvho  is  awkward 
will  cause  with  a  very  weak  current. 

Details  of  the  Applications  to  the  Different  Parts  of  the  Body. — At 
Uie  various  parts  and  organs  of  tlie  body  differ  very  widely  in  their  sus- 
ceptibility to  faradization,  and  in  the  effects  which  they  receive  from  it, 
it  becomes  necessary  to  explain  the  modus  operandi  of  the  applicatiooi 
with  considerable  fulness  of  detail. 
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AppUcatims  to  the  Head. — The  bead,  especially  the  forehead,  is,  by 
Jar,  more  sensitive  to  the  electric  currents  than  any  other  jiortion  of  the 
surface  of  the  body.  The  two  reasons  for  this  are  sufficiently  obvious. 
The  surfaces  of  bones  are  always  sensitive  to  th^/aradic  current,  as  tp 
any  other  mechanical  influence  ;  and  the  craniuju  is  no  exception  to 
this  law.  Then,  again,  the  fifth  pair  is  an  exceedingly  sensitive  nerve 
in  all  its  ramifications,  and  especially  over  the  forehead. 

There  are  many  cases  that  do  not  bear  even  mild  applications  to  the 
front  and  top  of  the  head,  and  who  seem  to  be  injured  rather  tbao 
benefited  by  it.     With  others,  the  effects  are  highly  agreeable. 

In  treating  the  forehead  the  operator  should  first  press  his  moistened 
hand  firmly  over  the  head,  and  then  making  the  connection  with  his 
other  hand  on  the  sponge  and  brass  ball  of  the  positive  pole,  should 
allow  the  current  lo  pass  steadily,  without  interruption,  for  one  or  two 
minutes.  In  Kidder's  faradic  apparatus,  A  B  is  the  best  current  for 
the  forehead.  The  use  of  the  hand  as  an  electrode  is  particularly  de- 
sirable in  making  applications  to  the  forehead. 

Moistening  the  Hair. — The  dry  hair  is  a  non-conductor,  and  there* 
tore  it  is  always  necessary  to  wet  it  Jreely  before  electrizing  any  portion 
of  the  head  that  is  covered  by  it.  It  is  not  usually  de^able  to  com- 
pel lady  patients  to  pull  down  their  hair,  or  to  thoroughly  moisten  iL 
A  very  important  centre  for  affecting  the  brain  is  the  crown  of  the  head, 
between  the  cars,  over  the  so-called  organ  of  firmness, — the  cranial  cen- 
tre. If  tl^e  hair  at  this  point  be  sufficiently  moistened  to  admit  the  pas- 
sage of  a  mild  current  with  any  convenient  form  of  electrode,  a  peculiar 
and  slightly  painful  sensation  is  experienced. 

In  some  exceptional  cases  of  disease  the  head  will  bear  currents  ol 
considerable  strength.  The  back  of  the  head  over  the  cerebellum  will 
usually  bear  quite  strong  applications.  The  current  is  felt  through  the 
ramifications  of  the  occipital  nerves,  giving  rise  oftentimes  lo  sensa- 
tions not  only  painless,  but  absolutely  agreeable. 

Applications  to  the  Neck  and  Throat. — ^The  back  part  of  the  head 
and  upper  |>ortion  of  the  spine  will  usually' bear  powerful  applications. 
It  is  an  interesting  and  important  fact  that  very  marked  effects  may  hi 
produced  by  general  faraditation,  even  when  the  applications  are  made 
only  to  the  back  and  sides  of  the  neck. 

The  reason  for  this  will  be  clear  when  we  come  to  study  the  eU^tr^ 
therapeutical  anatomy  of  the  parts.  From  the  upper  portion  of  the 
spine  and  base  of  the  brain  proceed  the  most  important  and  most  sen» 
sitive  nerves  of  the  body-^the  pneumogastric,  and  tltc  brachial  plexu*, 
\  Uie  phrenic  nerves* 
23 
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sde  of  the  spine,  while  a  powerful  current  is  passing,  the  electric  influ- 
ence may  be  perceptibly  comraunicated,  not  only  to  the  spine  but 
also  to  the  larynx  through  the  laryngeal  nerves ;  to  the  stomach 
through  the  pneumogastric  ;  to  the  lungs  through  the  phrenic  \  to  both 
arms  and  hands  through  the  brachial  plexuses  and  their  branches — in 
shorty  to  the  most  important  nerves  and  organs  of  the  body.  The  sym 
pathetic  is  also  directly  affected  at  this  point. 

There  is  no  other  single  place  on  the  surface  of  the  body  where  the 
electrical  influence  can  be  communicated  to  so  many  important  nerves 
a3  at  the  cilio-spinal  centre.  In  order,  however,  to  affect  all  these 
nerves  and  organs  above  mentioned  by  faradization  it  is  necessary  to 
^  use  a  powerful  current,  and  to  press  the  sponge  very  firmly  against  the 
skin. 

In  very  fleshy  patients  it  is  sometinjes  quite  difficult  to  aff^ect  the 
brachial  plexuses  and  their  branches  in  the  amis  and  hands  without 
using  a  stronger  current  than  can  well  be  borne  through  the  feet  and 
S-nkles  at  the  negative  pole.  This  application,  so  far  from  being  pain- 
ful, is  to  many  positively  agreeable.  The  thrill  which  it  communicates 
to  the  nerves  and  vital  organs  is  often  so  delightful  that  the  patient  re- 
quests to  have  the  application  prolonged.  In  patients  who  can  bear  it, 
this  apphcation  at  the  cilio-spinal  centre  may  be  varied  by  suddenly 
interrupting  the  current 

This  application  is  a  very  important  factor  in  general  faradization,  and 
will  achieve  decided  tonic  effects  on  the  system,  even  when  no  other 
portion  of  the  body  is  touched  by  the  current.  The  immediate  sensa- 
tions which  it  produces,  however,  are  by  no  means  uniform.  Some  pa- 
tients, through  the  irritation  of  the  laryngeal  nerves,  cough  spasmodi- 
cally, and  even  violently,  under  the  excitation  even  of  a  comparatively 
mild  current ;  with  others,  even  the  most  powerful  currents,  and  the 
firmest  possible  pressure  of  the  sponge,  fail  to  produce  any  such  effect. 
In  nervous  and  sensitive  patients  this  application  often  causes  a  pecul- 
iar and  decided  sensation  in  the  stomach,  through  the  pneumogastric 
nerve  ;  the  strong  and  vigorous  rarely  experience  any  such  sensation, 
even  under  currents  of  great  power. 

Another  important  locality  in  the  electro- therapeutical  anatomy  of 
the  neck  is  in  the  posterior  triangle,  just  by  the  posterior  border  of  the 
stemo  cleido-mastoid  muscle.  If  the  fingers  of  the  opeiator,  with  a 
current  of  :;onsidcrable  strength,  or  the  sponge  with  a  current  compara- 
tively mild,  be  pressed  firmly  on  this  space  until  the  posterior  border 
of  the  scalejius  anticus  is  reached,  the  patient  will  at  once  experience  a 
tingUng  or  pricking  sensation  in  the  arm  and  hand  on  that  side,  caused 
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tn(ieru)r  aj^  of  the  BcapoU  the  sponge  Bay  be  mored  froa  sde  to  side 
over  tbe  regUm  of  the  kidneys,  lirer,  and  s{^een. 

If  a  strong  current  be  applied  over  tbe  k>ver  portioii  of  the  spine, 
between  tbe  upper  borders  of  the  ossa  ionoounata,  a  slight  seasatioo  is 
•ometloiesy  though  by  no  means  uniformly,  oocnoiunicated  to  the  rectum 
and  the  male  genital  apparatus,  the  penis  and  the  testicles,  throogfe 
their  spinal  nerve  supply. 

In  view  of  these  considerations  it  is  manifest  that  in  the  emphymtni 
of  general  faratiitation  particular  aUenticn  should  b<  givtn  U  the  spia^ 
even  at  the  expense  of  tt.x'ecting  other  port  tens  of  the  body. 

That  the  lung*  and  heart  are  le&s  influenced  by  electrization  than  other 
tBiportant  organs,  is  chiefly  accounted  for  by  the  anatomical  structure  of 
the  chest.  The  ribs,  with  the  intercostal  muscles  and  ligaments,  form 
an  unyielding  wall.  Furthermore,  the  pleura  and  pericardium  are  not 
closely  adherent  to  the  inner  wall  of  the  chest,  but  lie  loosely  over  the 
longs  and  heart.  These  organs,  therefore,  arc  best  affected  electrically 
by  applicaticns  above  the  sternum,  around  the  neck,  and  over  the  uppet 
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half  of  the  spine,  whence  the  nerve-supply  of  the  viscera  proceeds,  and 
by  direct  clcctrizaUon  of  the  \'agus  in  the  neck. 

Applications  over  the  chest  are,  however,  of  pDsitive  and  permanent 
service,  by  developing  the  thoracic  and  intercostal  muscles,  and  for  this 
reason,  if  for  no  other,  they  should  not  be  neglected.  But  it  should  not 
be  forgotten  that  the  surfaces  of  the  ribs,  like  the  surfaces  of  all  other 
bones,  are  sensitive  to  electrization,  and  that  therefore  the  chest  will 
not  bear  as  severe  applications  as  the  spine,  neck,  or  abdominal  re- 
gions. This  sensitiveness  is,  of  course,  more  in  the  thin  aiid  nervous 
than  in  the  corpulent  and  phlegmatic  It  is  usually  most  marked  on 
the  inferior  ribs  on  the  right  and  left  side  of  the  body^  over  the  liver 
and  spleen.  The  peculiar  sensitiveness  of  the  ribs  at  these  points  if 
sometimes  erroneously  supposed  to  indicate  disease  of  the  organs  b©- 
•neath  them. 

We  have  stated  above  that  the  anatomical  structure  of  the  chest  ren- 
dered it  difficult  to  send  the  electric  current  through  its  anterior  walls 
to  the  lungs  and  heart.  In  the  abdoaninal  regions  the  anatomical 
structure  is  directly  reversed,  and  instead  of  an  unyielding  wall,  partly 
comi>osed  of  bones  and  ligaments,  we  have  a  flaccid  skin  lying  loosely 
against  the  peritonaeum  that  covers  the  moist  viscera  beneath.  No 
other  organs  of  the  body  contain  so  large  a  percentage  of  water  as  those 
which  are  situated  in  the  cavity  of  the  abdomeiL  It  is  obvious,  there- 
fore, that  when  the  resistance  of  the  epidermis  is  overcome  by  the  mois- 
ture of  the  sponge  or  hand,  and  the  peritonaeum  and  viscera  are  brought 
into  coaptation,  the  current  must  directly  traverse  all  the  parts  desired 
to  be  affected. 

To  reach  the  stomach  and  solar  plexus,  place  the  sponge  or  palm  of 
the  hand  below  and  under  the  sternum,  and  as  far  back  as  possible. 
This  pressure  brings  the  peritonaeum  and  stomach  into  coaptation,  and 
forces  the  current  to  pass  through  them.  If  the  under-clothing  be 
simply  slipped  up  without  being  entirely  removed,  the  stomach  and  ab- 
domen can  be  readily  treated. 

T!ie  bowels  may  be  treared  either  with  the  labile  or  the  stable  cur- 
rent, and,  in  cases  of  obstinate  constipation,  by  sudden  interruptions  or 
shocks. 

Corpulent  and  pursy  patients  usually  bear  much  stronger  currents 
over  the  abdomen  than  the  thin  and  emaciated.  Adipose  tissue  is 
comparatively  a  poor  conductor  of  electricit)',  and  it  is  difficult  to  affect 
the  bowels  of  the  very  corpulent  through  the  abdominal  walls  by  elec- 
trization, unless  we  employ  firm  pressure  and  currents  of  considerable 
strength.     But   in   the   vast  majority  of  cases  currents  of  moderate 


Fig.  5m. 
General  Faradization^— Application  to  the  stonudi. 

AppUcatwm  to  the  Female  Genitals. — Direct  applications  to  the 
vagina  or  uterus  are  rarely  called  for  in  general  faradization. 

Applications  to  the  Lower  Extremities. — Unless  there  is  weakness 
or  paralysis  of  the  lower  limbs  we  do  not  always  apply  the  current 
directly  to  thein^  because,  when  the  copper  plate  is  at  the  feet,  the 
muscles  below  the  knee  are  more  or  less  exercised  during  the  whole  | 
treatment. 

Before  proceeding  to  make  the  applications  to  the  lower  extremities, 
*he  patient  should  be  required  to  stand  up,  still  keeping  the  feet  on  the 
copper  plate.  Male  patients  who,  during  tlie  earlier  stages  of  the 
operation,  have  entirely  removed  their  clothing  from  the  trunk,  shoul<J 
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be  allowed  to  again  put  it  or,  both  in  order  to  avoid  unnecessary  ex- 
posure and  to  protect  them  from  the  cold. 

With  female  patients  ihe  applications  to  the  lower  limbs,  except  in 
cases  of  paralysis,  can  be  made  under  the  clothing,  if  the  drawers  be 
tlipped  down,  without  exposure. 


FtG,  '.5. 

Geo«rml  Faradization. — Application  to  the  Lower  Extremities^ 

The  operator,  sitting  by  the  side  of  the  patient,  on  a  low  stool  ir 
Ottoman,  should  then  pass  the  sponge  or  the  hand  lightly  down  the 
entire  surface  of  both  limbs,  from  the  thighs  10  the  feet,  avoiding,  so 
far  9S  possible,  the  prominences  of  the  bones  at  the  hip.  knee,  and 
ankles. 

The  outer  portion  of  the  thigh,  like  the  back,  is  very  little  sensitive 
to  the  «^lectric  current,  because  its  surface  is  not  supplied  by  very  sen* 
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sidve  nerves.  The  inner  side  of  the  thigh,  on  the  contrary,  is  suppliec 
by  branches  from  ihe  sensitive  anterior  crural  nerve,  and  in  nervous 
persons  especially  is  very  susceptible  to  electrization.  In  passing  the 
sponge  or  the  hand  down  the  lower  limbs  great  pains  should  be  taken 
to  carefully  graduate  the  current  according  to  the  sensitiveness  of  each 
locality.  This  precaution  is  more  necessary  in  treating  the  lower  limbs 
than  the  upper,  because  the  contrasts  in  the  normal  sensitiveness  of  the 
different  parts  of  the  lower  limbs  are  much  greater  than  in  the  arms, 
and  because  any  severe  shocks  suddenly  felt  in  the  legs  sometimes  tlnov, 
patients  off  their  feet. 

/«  casfs  net  complicated  with  ^aralysiSy  contractions  of  the  super Jicicu 
muscles  of  the  lower  limbs,  as  of  the  upper  limbs,  can  be  produced  by 
comparatively  feeble  and  painless  currents. 

Special  Rules  to  be  Observed  in  the  Employment  of  General  Fara- 
dization.—In  the  employment  of  general  faradization  there  are  certain 
special  suggestions,  on  the  observance  of  which  die  results  of  the  appli- 
cations will  very  materially  depend. 

X.  The  Strength  of  the  Current  and  Length  of  the  Application. — It 
U  better  that  the  first  tentative  applications  should  always  be  made  with 
a  gentle  current,  and,  if  the  patient  be  particularly  sensitive,  it  is  an  ad- 
vantage to  use  the  hand  of  the  operator  instead  of  an  artificial  electrode. 
After  the  patient  has  become  somewhat  accustomed  to  the  treatment, 
the  general  rule  should  be  to  make  the  applications  pleasantly  painful. 

Patients  who  have  long  been  accustomed  to  the  treatment — who  have 
become,  in  a  certain  sense,  insensible  to  the  strength  of  current  ordi- 
narily used — may  frequently  be  benefited  by  very  powerful  currents. 

Usually,  but  not  invariably,  we  may  be  guided  by  the  sensations  of 
the  patient ;  but  exceptions  to  this  rule  are  sometimes  very  striking, 
and  should  put  us  on  our  guard.  Some  who  feel  no  pain  during  the 
applications  may  on  the  day  following  experience  the  most  disagreeable 
reactive  effects.     (See  p.  248.) 

2.  Thoroughness  of  the  Applications. — General  faradization  does  not 
require  that  all  portions  of  the  surface  of  the  body  should  be  touched 
by  the  electrode  at  every  sitting.  In  nervous  and  susceptible  patientf 
we  can  approach  the  full  measure  of  tlie  treatment  only  by  slow  degrees. 
It  is  oftentimes  sufficient  to  make  the  first  application  only  around  the 
neck,  shoulders,  and  on  the  upper  portion  of  the  spine. 

//  is  not  always  necessary  to  make  the  applications  to  cUl  portions  of 
the  surface  of  the  body^  even  in  a  prolonged  course  of  treatment.  The  gen- 
tral  tonic  effects  of  this  system  of  treatment  can  undoubtedly  be  achieved 
woithout  touching  either  th:  upper  or  lower  extremities,     But^  on  ihi 
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pth^r  hand,  it  is  just  as  undoubtedly  true  thai  the  muscular  developmem 
that  results  from  long-continued  electrisation  of  the  arms  and  legs  reacts 
favorably  on  the  whole  system  and  materially  aids  the  treatment. 

The  neck  and  spine  should  be  treated  in  all  cases,  except  during  the 
firjt  and  tentative  applications,  or  in  patients  of  very  unusual  suscepti- 
bility. During  menstruation  it  is  usually  better  to  avoid  the  abdomen 
and  lower  part  of  the  spine,  or  to  suspend  the  treatment  altogether, 
except  in  those  cases  where  it  is  desired  to  increase  the  menstrual fiow. 

Length  of  the  Applications, — The  duration  of  the  sittings  may  range 
between  five  and  twenty  five  minutes,  being  modified  by  the  nature  of 
the  constitution,  the  strength  of  the  current  employed,  the  stage  of  the 
treatment,  and  the  results  of  the  previous  applications. 

The  smallest  fraction  of  this  time  should  be  devoted  to  the  head,  the 
largest  to  the  spine  ;  next  to  the  spine  the  abdomen  should  receive  the 
largest  share  of  attention. 

I.  An  average  application  of  say  15  minutes  may  be  thus  appor- 
tioned : 

To  the  head 1  mhmte. 

neck,  sympathetic  and  ctxvkal  &pine. .,..,  4  minutes^ 

back - 3         *• 

abdomen 3        ** 

upper  and  lower  extremities 4        ** 

As  compared  with  the  time  required  in  localized  faradisation  and  ecu 
tral  galvanization,  general  faradization  has  not  the  great  disadvantage 
(hat  has  been  supposed.     Nearly  all  the  ordinary  peripheral  applications 
of  electricity  for  paralysis  require  as  much  time  as  general  faradization. 

Frequency  of  the  Applications. — The  applications  of  general  faradi- 
zation may  be  repeated  daily,  every  other  day,  once  or  twice  a  week,  or 
by  still  longer  intervals.  Every  other  day  is  about  as  often  as  is  neces- 
sar>'  to  secure  the  full  tonic  results  of  the  treatment ;  but  patients  who 
are  so  situated  that  they  can  take  the  treatment  but  a  short  time  may 
receive  an  application  daily,  provided  they  are  not  in  a  condition  of  un- 
usual debility,  or  aurc  not  more  than  ordinarily  susceptible  to  the  current. 
For  the  very  nervous  and  susceptible,  and  especially  for  those  who  com- 
f»lain  of  the  secondary  or  reactive  effects,  it  is  often  necessary  to  give 
intervals  of  several  days,  at  least  until  the  peraianent  tonic  effects  begin 
:o  be  developed  (see  p.  220). 

Persistence  in  the  Treatment, — For  the  majority  of  cases,  the  treat- 
tnent  by  general  faradization,  in  order  to  secure  its  full  results,  must  be 
persistent.     The  reasons  why  this  perseverance  is  demanded  are  quite 
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is  often  unendurable  ;  but  when  the  hand  of  'Jie  operator  is  made  ac 
electrode,  the  operation  of  faradizing  the  most  sensitive  portions  of  the 
bead  may  be  made  not  only  tolerable,  but  positively  agreeable.  Excepi 
in  cases  of  severe  local  disease  or  unusual  debility,  the  sponge  can  be 
borne  down  the  spine,  over  the  abdomen  and  extremities,  and  down  the 
lower  extremities  without  great  difficulty. 

2.  It  keeps  the  operator  eontinually  informed  of  the  strength  of  tht 
current^  and  thus  enables  him  to  carefully  graduate  it^  according  to  ttie 
sensitiveness  of  each  locality. 

As  the  current  passes  through  his  own  person,  the  operator  can  judge 
by  his  own  sensations  whether  it  is  too  strong  or  too  weak,  and  by  in- 
creasing or  diminishing  the  grasp  of  his  other  hand  on  the  sponge,  can 
modify  the  strength  of  the  application  without  disturbing  his  apparatus. 
The  wet  sponge  on  which  he  presses  with  the  other  hand,  acts,  as  we 
have  seen,  like  a  hydro-rheostat. 

The  use  of  the  hand  as  an  electrode  enables  the  operator  to  instantly 
modify  the  applications  in  any  of  the  various  degrees  of  weakness  and 
strength,  and  also  to  suspend  the  passage  of  the  current  instantaneously 
without  shock  or  violence.  When  the  sponge  is  used  we  must  continually 
question  the  patient,  or  watch  his  expression  and  movements,  in  order  to 
judge  whether  the  current  is  of  proper  strength. 

That  most,  if  not  all,  of  the  tonic  eflfects  of  general  faradization  can 
be  obtained  in  perhaps  the  majority  of  patients  by  the  use  of  the 
sponge,  there  can,  we  think,  be  no  question ;  but  the  use  of  the  hand 
of  the  operator,  according  to  the  principles  above  indicated,  enables  us 
to  achieve  these  results,  and  with  less  discomfort  to  the  patient,  in  those 
peculiarly  sensitive  cases  where  the  artificial  electrode  could  not  be 
borne  at  all.  Very  many  of  our  patients  we  treat  only  with  artificial 
electrodes. 

To  sum  up^  in  a  word,  it  is  a  convenience  and  oftentimes  a  positive 
assistance  for  the  operator  to  be  able  and  willing  to  use  his  hand  in  ap- 
plications to  sensitive  parts  and  nen>ous  patients,  but  for  the  •najority  of 
cases  it  is  sufficient  to  use  a  large  soft  sponge. 

Effects  of  the  Current  on  the  Operator. — The  question  now  arises, 
What  eflfect  must  the  operator  experience  from  the  repeated  passage  of 
the  electric  currents  through  his  own  person  ? 

It  should  be  understood,  at  the  outset,  that  the  current  does  not 
directly  affect  the  whole  person  of  the  operator,  nor  indeed  any  of  the 
prominent  organs,  and  that  only  the  faradic  current  is  used  in  this  way. 
ITie  current  passes  from  hand  to  hand,  through  the  arms  and  shoulders^ 
and  does  not  reach  or  directly  influence  the  brain  or  any  of  the  orgai  ' 
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The  eliBcli  of  feaeral  faradtialino  maj  be  SDbdhrided  into  tkret 
claMes: 

I.  Those  wfndi  are  experienced  dnong  or  imwurdwtetj  after  treat- 
menL — Pritnary  or  ttimulaiimg  ejfeOs. 

1.  HuMe  which  are  ezpeneiMxd  ooe  or  two  dxj%  snbseqoent  to  tbe 
treatment. — Seicndary  or  rttutive  effe^. 

3.  Those  which  remain  in  the  sjstem  as  a  permanent  resolt  of  treats 
tnctit. — Permanent  or  tonic  effects. 

Many  patieftU,  pcrJiaps  the  majority,  experience  after  cadi  shout « 
feeling  of  enlivenment  and  exhilaration  that  often  lasts  for  several 
hours,  With  »ome  this  feeling  of  exhilaration  is  very  positive  and  de- 
cided ;  with  others  it  is  but  just  perceptible.  Others,  again,  experi- 
ence a  disposition  to  sleep  after  treatment,  quite  similar  to  that  which  is 
fell  after  a  bath  in  the  surf. 

Relief  of  pain  and  local  or  general  weariness  is  a  very  frequent  ai 
well  as  very  agreeable  temporary  effect  of  general  faradization,  and 
one  which,  more  perhaps  than  any  other,  tends  to  inspire  the  donbt- 
ing    patient  with  ronfidence  in  the  efficacy  of  this  method  of  treat 
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ment  Patients  who  suffer  from  indefinable  nervous  pains  ii.  the  head, 
Dack,  side,  and  stomach,  or  from  weakness  in  the  limbs,  freqaently  ap- 
preciate relief  even  in  the  midst  of  the  application.  This  relief  usually 
lasts  for  several  hours,  and  in  some  cases  may  become  permanent. 

All  the  disagreeable  symptoms  that  sometimes  arise  from  an  ap- 
plication, as  headache^  malaise^  chilliness^  vertigo^  faintness^  and  cold 
perspiration  (see  pp.  247-250),  like  similar  effects  from  injudicious  use 
of  other  tonics,  physical  exercise,  the  shower-bath,  etc.,  are  not  usually 
of  any  permanency  whatever.  Indeed,  they  are  entirely  consistent  with 
permanently  good  results ;  but  they  are  apt  to  annoy  and  alarm  the 
patient,  and  for  that  reason,  if  for  no  other,  they  should  be  avoided. 

Effect   on  Temperature. — The  temperature    may    be    immediately 
influenced  by  general  faradization. 

Its  effect  on  the  circulation  seems  to  be  that  of  an  equalizer.  Pa 
tients  afflicted  with  nervous  diseases  are  apt  to  suffer  from  cold  feet  and 
hands,  and  from  creeping  chills  over  the  body.  The  equalizing,  warm- 
mg  effect  of  general  faradization  on  such  patients  is  most  decided  an<J 
agreeable,  and  is  so  positively  realized,  even  in  the  midst  of  the  seance^ 
that  neither  the  bare  feet  nor  the  exposed  trunk  suffer  from  the  cold, 
provided  the  air  of  the  operating-room  is  of  even  a  moderate  tempera- 
ture. 

Effect  (m  Pulse. — The  effects  of  general  faradization  on  the  pulse  are 
quite  interesting  and  suggestive. 

In  a  large  number  of  cases  we  have  carefully  counted  the  ptilse,  and 
also  observed  its  quality  just  before  and  just  after  the  treatment  The 
results  of  some  of  these  observations  are  presented  below : — 
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On  account  of  the  recognized  susceptibility  of  the  pulse,  especially 
of  nervous  invalids,  to  the  influence  of  mental  impression,  we  have 
found  it  necessary,  in  order  to  avoid  error,  to  make  repeated  examina 
tions  before  and  after  the  sitting. 
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The  conclusion,  from  our  very  large  number  of  observations  in  regard 
to  the  influence  of  general  faradization  on  the  pulse  in  clironic  diseases, 
is  that  of  a  corrective. 

When  tlie  pulse  is  high  it  depresses  it  more  or  less,  and  usually  in 
proportion  to  the  degree  of  the  exaltation  above  the  normal  standard. 
When  it  is  low  it  raises  it  more  or  less,  and  usually  in  proportion  to  the 
degree  of  the  depression  below  tlie  normal  standard.  In  nervous  and 
excitable  patients,  the  effect  of  general  faradization  on  the  pulse  is  much 
more  marked  than  in  the  cold  and  phlegmatic.  An  application  that  is 
much  too  strong  may  greatly  excite  the  pulse. 

Special  and  Exceptional  Effects. — The  immediate  effect  on  the  ap- 
petite is,  in  rare  instances,  so  marked  that  the  patient  at  once  feels 
desire  for  food,  and  at  the  next  meal  eats  a  much  larger  quantity  and  ^ 
with  far  keener  reh'sh  than  usual. 

Sensitive  patients  are  now  and  then  compelled  to  evacuate  their 
bladder  or  rectum  immediately  after  or  even  in  the  midst  of  the  appli- 
cation, and  the  urinary  secretion  is  occasionally  increased.  But  all 
these  effects  of  general  faradization  on  the  functions  of  special  organs 
axe  incidental  and  occasional^  and  are  not  to  be  expected  with  any 
imiformity  or  constancy. 

Secondary  or  Reactive  Effects^—The  secondary  or  reactive  effects  of 
general  faradization  are  those  which  are  experienced  for  a  day  or  two 
following  an  application.  These  effects  are  probably  not  observed  in 
more  than  half  of  the  cases,  and  usually  only  at  the  outset  of  the  treat- 
ment.  Most  of  these  secondary  or  reactive  effects  have  already  been 
considered  (see  p.  249). 

Soreness  in  the  muscles  of  the  neck,  trunk,  and  upper  extremities  is 
unquestionably  the  most  frequent  of  the  secondarj'  symptoms  of  gen- 
eral faradization,  and  the.  one  which  patients  are  soonest  to  observe  and 
describe.  It  is  the  result  of  the  muscular  contractions  that  are  pro- 
duced by  the  electric  current.  They  usually  pass  off  in  two  or  three 
days,  and  are  scarcely  observed  at  all  after  the  patient  has  once  be- 
come accustomed  to  the  treatment.  By  making  the  first  tentative  ap- 
plications gentle  and  short,  it  is  possible  to  avoid  entirely  this  subse- 
quent muscular  soreness,  and  in  very  feeble  or  very  timid  patients  we 
should  always  endeavor  to  do  so. 

Indetinable  nervousness  is  another  occasional  secondary  effect,  and  one 

that  often  gives  rise  to  idle  and  unnecessary  alarm.     Like  the  soreness 

of  the  muscles,  it  usually  passes  off  in  a  day  or  two,  and  is  not  commonly 

experienced  after  the  patient  has  become  accustomed  to  the  treatment 

Weariness  and  exhaustion  may  be  experienced  by  this  class  of  pjk 
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tients  foi  several  days  after  an  injudicious  application.  It  is  a  very 
interesting  and  important  fact,  that  these  annoying  secondary  symptoms 
of  weariness  and  exhaustion  are  oftentimes  experienced  to  their  fullest 
extent  by  patients  on  whom  the  immediate  effects  for  a  few  hours  suc- 
ceeding the  application  are  only  agreeable.  On  account  of  this  fact, 
the  inexperienced  electro-therapeutist  may  be  unpleasantly  deceived, 
ami  from  the  temporary  enlivenment  of  his  patient  may  suppose  that 
his  application  has  been  thoroughly  successful,  until  the  distressing 
secondary  effects,  continuing  perhaps  for  several  days,  show  most 
clearly  that  it  has  been  either  too  strong  or  too  protracted. 

Permanent  or  Tonic  Effects. — To  designate  any  precise  time  or  stage 
of  the  treatment  when  these  tonic  effects  are  to  be  looked  for,  is 
manifestly  impossible.  Like  the  tonic  effects  of  other  analogous  in- 
ternal or  external  remedies,  the  time  of  their  appearance  must  be 
variously  modified  by  the  nature  of  the  disease,  the  constitution  of  the 
patient,  and  the  skill  and  perseverance  of  the  treatment  They  may 
appear  early  in  the  treatment,  developing  themselves  with  great 
rapidity  ;  or  they  may  remain  latent  until  after  the  applications  are 
abandoned,  and  then  advance  with  sure  and  steady  progress.  They 
may  be  so  rapidly  manifested  at  the  commencement  q{  the  treatment 
as  to  cause  us  to  suspect  them  to  be  more  the  result  of  mental  im- 
pression than  of  the  applications ;  and,  on  the  other  hand,  ihey  may 
develop  themselves  so  long  after  the  treatment  as  to  suggest  the  doubt 
whether  they  are  not  as  much  due  to  nature  and  time  as  to  the  direct 
electric  influence. 

Among  these  tonic  effects  of  general  faradization,  those  which  chiefly 
attract  the  attention  and  are  of  the  principal  importance  are  the  following: 

Improvement  in  the  Sleep. — This  symptom  comes y?rf/ in  our  analysis 
of  the  permanent  effects  of  general  faradization,  because  it  is  one  of 
the  first  to  be  appreciated  and  observed  by  the  patient.  As  insomnia 
is  the  most  constant  and  universal  sj-mptora  of  those  various  nervous 
conditions  for  which  general  faradization  is  indicated,  just  so  is  its  relief 
or  cure  the  first  and  leading  evidence  that  the  treatment  is  having  its 
desired  effect.  As  already  mentioned,  inclination  to  sleep  is  one  of  the 
immediate  symptoms  of  the  applications  and  may  come  on  even  in  the 
midst  of  the  stance  j  but  the  improvement  in  the  sleep  of  wliich  we 
here  speak,  as  z  permanent  ^^ecl^  is  appreciated  during  the  intervals  of 
treatment,  and  long  after  it  has  been  suspended. 

Increase  of  Appetite  and  Improvement  in  Digestion, — Increase  of 
appetite  and  improvement  in  the  digestion  is  not  so  early  Dor  as  coa 
4tant  a  symptom  as  improvement  in  the  sleep. 
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It  is  by  no  means  a  constant  or  uniform  eflfect,  even  in  those  cases 
where  it  would  seem  to  be  needed,  and  where,  tco,  in  all  other  respects, 
great  and  lasting  benefit  is  derived  from  the  treatment.  Some  patients 
who  are  permanently  relieved  of  neuralgia,  of  insomnia,  and  of  muscular 
and  nervous  debility,  yet  observe  no  decided  improvement  in  theii 
digestion.     Such  cases,  however,  are  quite  exceptional 

Regulation  of  the  Bowels. — Constipation  sometimes  yields  very  early 
in  the  treatment.  The  temporary  effect  is  probably  due,  in  many 
instances  certainly,  to  the  direct  mechanical  action  cf  the  current  on 
the  intestines ;  but  permanent  relief,  either  of  constipation  or  of 
diarrhoea  of  the  nervous  variety,  is  not  to  be  expected  until  the  indigestion 
and  general  debility  on  which  they  depend  have  first  been  corrected. 

Improvement  in  the  Circulation. — Perjiianent  equaliitation  of  the 
circulation  is  raosl  observed  in  cases  of  dyspepsia,  nervous  ex- 
haustion, hysteria,  and  similar  conditions  with  which  defective  circula- 
tion is  so  frequently  associated.  It  is  then  the  result  of  the  improve- 
ment in  the  assimilative  power  and  nutrition  of  the  system. 

Relief  of  Nervousness  and  Mental  Depression. — The  indefinite, 
though  very  well  recognized  condition  which  we  term  nervousness, 
and  the  indefinable  mental  agony  that  forms  so  prominent  and  so 
distressing  a  symptom  in  hysteria,  dyspepsia,  exhaustion,  and  othci 
nervous  conditions,  sometimes  yield  to  general  faradization  quite  early 
in  the  treatment. 

Increase  in  the  Size  and  Hardness  of  the  Muscles^  and  in  the  Weight 
of  the  Body. — This  is  a  natural  result  and  accorapanimeut  of  the  im- 
provement in  nutrition,  and  that  it  follows  the  use  of  the  faradic  as  well 
as  of  the  galvanic  current,  sufficiently  demonstrates  that  power  over 
nutrition  is  not  confined  to  the  latter. 

Under  the  influence  of  protracted  treatment  by  general  faradization, 
the  muscles  arc  sometimes  developed  in  size  as  well  as  in  firmness  to 
a  degree  which  very  naturally  astonishes  those  who,  for  the  first  lime, 
have  their  attention  directed  to  it.  This  increase  in  size  and  quality  of 
the  muscles  is,  of  course,  chiefly  observed  in  those  portions  of  the 
surface  of  the  body  where,  under  the  influence  of  faradization,  con- 
tractions are  most  easily  produced.  Therefore  we  first  look  for  this 
effect  in  the  arms,  the  legs,  and  afterwards  in  the  chest.  This  effect  is 
soonest  observed  in  patients  who  are  comparatively  thin,  or  at  least, 
whose  muscular  tissue  predominates  over  the  adipose.  On  the  other 
hand,  and  for  obvious  reasons,  it  is  not  so  perceptible  in  females,  oi 
in  the  very  corpulent  of  eitlier  sex. 

Under  general  faradization  actual  increase  in  the  site  and  mfeigH  of 
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the  body  someciuies  takes  place  so  rapidly  and  perceptibly  to  the  eye 
that  it  need  not  be  confirmed  by  reference  to  the  scales.  In  othei 
cases,  where  patients,  either  through  curiosity  or  accident,  have  care- 
fully weighed  themselves  just  before  taking  a  course  of  treatment,  a 
most  remarkable  increase  of  weight  has  often  been  observed  in  the 
course  even  of  a  few  weeks. 

The  increase  of  weight  is  simply  a  result  of  the  effect  of  the 
electric  currents  on  nutrition,  and  a  natural  sequence  of  the  improve- 
ment in  the  sleep,  the  increase  of  appetite,  and  the  relief  of  pain  and 
mental  depression  of  which  we  have  already  spoken. 

Increased  Disposition  and  Capacity  for  Labor  of  the  Muscles  and  of 
the  Brain. — WTiatever  tends,  directly  or  indirectly,  to  improve  nutrition 
must  of  necessity  increase  the  capacity  for  intellectual  and  muscular 
toil.  Accordingly  we  find  that  patients  who  were  so  feeble  that  even  a 
short  walk  or  ride  was  fatiguing,  and  who  were  signally  deficient  both 
in  the  will  and  the  capacity  for  exertion,  soon  begin  to  develop,  under 
treatment,  an  activity  and  vigor  that  is  sometimes  surprising.  They 
can  walk  farther  and  more  vigorously,  and  with  greater  enjoyment. 
They  realize  a  consciousness  of  strength  to  which  before  they  were 
strangers,  and  feel  emboldened  10  exertion  from  which  they  would  for- 
merly have  shrunk  with  apprehension. 

Concerning  these  permanent  tonic  effects  it  is  to  be  observed : — 

1.  They  are  not  uniform.  They  vary  not  only  with  different  individ- 
nals  and  diseases,  but  also  with  the  same  individual  at  different  periods 
of  life. 

2.  They  are  more  rapidly  appreciated  by  the  active  and  the  nervous 
than  by  the  cold  and  phlegmatic.  Other  conditions  being  the  same,  a 
sensitive,  impressible  organization  will  recover  more  rapidly  under  gen* 
eral  faradization  than  one  of  an  opposite  temperament. 

3.  They  are  frequently  not  experienced  until  long  after  the  treat- 
ment is  abandoned.  These  after  effects  of  general  faradization  are 
worthy  of  the  highest  attention.  The  possibility  that  they  may  occur 
is  a  constant  encouragement  in  the  treatment  of  all  slow  and  obstinate 
cases. 

4.  Tliey  arc  usually  as  lasting  and  permanent  as  simitar  effects  from 
other  remedies  and  systems  of  treatment.  It  is  true  that  patients  who 
have  been  apparently  cured  by  general  faradization  are  subject  to  re- 
lapses, yet  to  no  greater  and  apparently  to  a  less  extent  than  those  who 
have  derived  similar  relief  from  internal  medication.  In  considering 
this  stat'jraenl,  regard  should  be  had  to  the  fact  that  the  diseases  foi 
which  general  faradization  is  chiefly  indicated,  at  least  those  in  which  if 
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has  thus  far  been  most  successful,  are  just  the  diseases  which  are  moA 
likely  to  relapse  under  any  or  all  forms  of  treatment. 

Rationale  of  the  EJf'ects  of  General  Faradization. — ^It  has  been  said 
of  general  faradization  that  it  is  not  physiological ;  but  they  who  raise 
this  objection  do  not  well  consider  what  they  say.  Of  the  various  methods 
of  elecLiization  none  can  be  better  explained  on  a  physiological  bajsis 
than  can  this.  General  faradization  is  to  the  whole  body  what  localized 
faradization  is  to  an  individual  part  or  organ.  All  the  physical,  me- 
chanical, chemical  and  physiological  effects,  with  the  consequent  in- 
crease of  the  processes  of  waste  and  repair  and  improvement  in  nutri- 
tion that  electrization  is  capable  of  producing  in  the  living  tissues  (see 
EHectro-Physiology,  p.  177)  and  which,  in  exclusively  localized  applica- 
tions, are  mainly  confined  to  the  part  which  is  traversed  by  the  current, 
are  in  general  applications  appreciated  by  every  part  of  the  system. 
Then,  again,  the  improvement  which  each  part  or  organ  receives  from 
the  treatment  reacts  upon  every  other  part  and  organ.  Every  effect 
becomes  in  its  turn  a  cause ;  the  strengthened  brain  sends  more  nervous 
force  to  the  stomach,  by  which  the  latter  is  enabled  to  send  better  blood 
to  the  brain. 

Comparing  what  is  known  of  the  conductibility  of  the  tissues  (see 
p.  180),  and  the  action  of  the  electric  currents  upon  them,  with  the  ob- 
served effects  of  general  faradization,  these  effects  may  be  regarded  as 
due  mainly — 

1,  To  the  fact  that  the  nutrition  of  the  entire  central  nervous  system 
is  directly  influenced  by  the  current.  In  an  ordinary  application  the 
brain,  spinal  cord,  and  sympathetic  ganglia  are  all  subjected  to  the  ac- 
tion of  the  current.  In  most  of  the  applications  of  central  localized 
electrization  only  a  part  of  the  central  nervous  system  is  affected  at 
each  sitting.  We  are  warranted  in  believing  that  in  nearly  all  nervous 
diseases  the  central  nervous  system  is  more  or  less  disturbed,  even  when 
it  is  not  organically  diseased. 

2.  The  passive  exercise  that  results  from  the  vigorous  and  repeated 
Muscular  contractions  produced  by  the  applications.  When  the  applica^ 
dons  are  thoroughly  and  skilfully  made,  vigorous  yet  agreeable  con- 
tractions are  excited,  not  only  in  all  the  superficial  muscles,  but  in  the 
deeper  layers,  and  also  of  the  contractile  fibre-cells  of  the  stomach, 
the  intestines,  and  other  vital  organs.  The  augmentation  of  the  mani- 
fold processes  c  f  waste  and  repair  which  a  single  sitting  causes  in  the 
nauscles  and  abdominal  organs  would  alone  powerfully  influence  nutri- 
tion, even  though  the  electric  current  exerted  no  direct  effect  on  ^ 
oervous  system. 
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That  the  tonic  effects  of  general  faradization  are  very  largely  due  ta 
the  passive  exercise  which  it  produces,  is  proved  clinically  by  the  fad 
that  when  a  current  too  feeble  to  cause  muscular  contractions  is  used, 
or  when  the  muscles  are  neglected,  the  tonic  as  well  as  the  primary 
effects  of  the  treatment  arc  much  less  marked. 

3.  Reflex  action  from  the  sensory  nerves.  The  reflex  effect  of  the 
faradic  current  even  is  very  powerful,  and  in  general  faradization  nearly 
all  the  superficial  sensory  nerves  are  acted  upon,  and  consequently  the 
whole  nervous  system  is  constantly  under  reHex  as  well  as  direct  in 
fluence  of  the  current.* 

•  Brown-S^uiurd  and  Lombard  (Archives  de  PhywoL,  Norember  and  December, 
-  1869;  have  shown  that  when  one  arm  is  pinched  the  temperalure  of  that  arm  slightly 
rises,  and  that  of  the  opposite  arm  falls.  Dr.  James  J.  Putnam  (Boston  Mediod  and 
Surgical  Journal,  June  23.  1870)  has  shown  by  a  series  of  experiments  on  frogs  that 
electiitation  of  one  foot  caused  reflex  contracrions  of  the  blood-vessels  in  the  web  of 
the  ir--A  of  the  opposite  side.  These  experiments,  taken  in  connection  with  the  fact 
that  nutrition  is  closely  related  to  circulation,  would  render  it  dearly  protMible  that 
reflex  action  is  an  important  &u:tor  of  the  results  of  application  of  electricity,  and 
especially  of  general  £aradixation«  where  the  ektrendtiea  are  directly  affected  by  the 
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In  order  to  determine  the  dififerential  indications  for  the  use  of 
localized  and  general  faradization  we  need  to  consider  these  fom 
facts : 

J^'irs/^  That  general  faradization  directly  affects  the  whole  body,  while 
in  localized  faradization  the  direct  action  of  the  current  is  mainly  cou- 
fined  to  the  part  to  which  the  application  is  made. 

Sumdlyt  That  general  faradization  may,  by  sympathetic  or  reflex 
action,  indirectly  have  a  special  therapeutic  influence  on  some  special 
part  or  organ,  while  localized  faradization  of  any  part,  but  especially 
of  the  sympathetic  or  cerebrospinal  axis,  by  sympathetic  or  reflex] 
action,  may  indirectly  have  a  general  therapeutic  influence  on  the 
whole  body. 

Thirdly^  Faradization,  when  properly  performed,  very  rarely  injures, 
and  usually  more  or  less  benefits,  even  those  parts  which  are  in  com- 
parative or  absolute  health.  This  consideration  has  an  important  prac- 
tical hearing,  especially  in  the  use  of  general  faradization,  in  cases  of 
doubt  as  to  the  scat  of  the  disease.     (See  p.  234.) 

Fottrthiy^  In  nearly  all  cases  it  is  important,  and  in  many  it  is  indis* 
pensable,  that  the  applications  should  be  made  to  the  seat  of  d^e  dis- 
ease as  well  as  to  the  locality  of  the  symptom.  Scientific  electro-thera- 
peutics, therefore,  requires  the  most  accurate  preliminary  diagnosis ; 
above  all,  it  is  important  to  rigidly  discriminate  between  diseases  which 
are  of  a  constitutional  and  those  which  are  of  a  local  origin. 

From  these  fundamental  considerations  we  logically  derive  the  gen- 
eral law  that  :onstitutional  diseases  are  better  treated  by  general^  and 
local  diseases  by  localized,  faradization. 

More  specificall)",  experience  demonstrates  that  of  the  large  variety  of 
diseases  for  which  applications  of  electricity  are  found  useful,  localized 
faradization  and  galvanization  are  specially  indicated  in  those  caset 
where  both  xhf  seat  and  the  effects  of  the  disease  are  restricted  to  cer 
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tain  portious  of  the  organism,  with  but  slight  or  imperceptible  influenr.« 
on  the  system  at  large.  Under  this  head  are  included  nearly  all  peri- 
pheral and  reflex  paralyses  and  neuralgias,  effusions,  sprains,  and  local 
injur.es,  and  also  many  of  the  diseases  of  the  eye,  ear,  larynx,  and 
genital  and  digestive  organs. 

On  the  other  hand,  general  faradization  is  indicated — 

1.  In  those  diseases  tliat  are  dependent  on  or  associated  with  im- 
pairment of  nutrition  and  general  debility  of  the  vital  functions,  such  as 
nervous  dyspepsia,  neurasthenia,  anaemia,  hysteria,  hypochondriasis, 
paralysis,  and  neuralgia  of  a  constitutional  origin,  rheumatism  and 
other  toxic  diseases,  some  forms  of  chorea,  and  oftentimes  in  func- 
tional disorders  of  the  genital,  digestive,  and  other  special  organs. 

2.  In  morbid  symptoms  dependent  on  some  local  cause  which  can- 
not be  satisfactorily  diagnosticated.  It  must  be  confessed  that  a  large 
number  of  cases  of  chronic  diseases  are  frequently  dependent  on  or 
connected  with  some  important  lesions,  of  which,  during  the  lifetime  of 
the  patient,  even  the  most  approved  methods  of  diagnosis  and  the  most 
practised  skill  utterly  fail  to  ascertain  either  the  nature  or  the  locality. 
This  is  oftentimes  the  case  with  epilepsy,  hysteria,  and  hypochon 
driasis ;  sometimes,  also,  with  affections  of  special  organs,  as  the  eye, 
ear,  larynx,  and  uteras. 

Benedikt  emphatically  affirms  that  electricity  should  be  applied  almost 
exclusively  in  loco  morbi^  in  the  place  of  the  disease,  and  in  cases  of 
doubt  reco:nmends  tentative  applications  successively  in  all  the  sus- 
pected localities  until  the  diagnosis  is  made  out  by  the  success  of  the 
treatment.*  It  scarcely  need  be  said  that  this  purely  experimental 
system,  though  sometimes  successful,  must  be  and  is  annoying,  uncer- 
tain, and  very  frequently  unsatisfactory. 

The  advantage  of  general  faradization  in  such  cases  of  doubtful  patho- 
logy are  twofold  :  Firsts  at  each  application  it  affects  all  parts  of  the 
body,  and  thus  is  sure  to  reach  tlie  seat  of  the  disease,  wherever  that 
may  be ;  and,  secondly,  it  at  the  same  time  improves  the  general  nutri- 
tion of  the  system,  which,  in  such  cases,  is  frequently  more  or  less  ini- 
paired.  This  improvement  in  nutrition,  as  has  been  stated,  oftentimes 
reacts  favorably  on  the  local  disease. 

Still  further,  it  must  be  confessed  that  very  many  of  the  diseases  m 
which  general  faradization  is  proved  to  be  of  most  efficient  service, 
are  those  in  which  no  8p(»cial  locus  morbi  can  be  frund  even  on  /w/ 
mortem  examination. 


•  D.e  Electrotherapie.     Wien,  1868,  p.  79. 
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Future  investigations  will  undoubtedly  do  much  to  dispel  our  igno 
ranee  on  these  points,  and  will  probably  assign  a  definite  local  i^use 
10  some  of  tlie  diseases  which  are  now  vaguely  classed  as  constini- 
lional.  But  even  those  diseases  in  which  the  local  cause  is  definitely 
ascertained  may  demand  constitutional  treatment  as  much  as  or  more 
than  those  in  which  no  local  cause  is  demonstrated.  When  a  house  is 
Bet  on  fire  by  a  burning  fuse,  it  is  not  enough  to  snatch  away  the  fuse ; 
we  must  extinguish  the  flames.  When  the  nervous  system  has  been 
thrown  into  tetanus  by  a  wound  in  the  foot,  excision  or  healing  of  the 
wound  is  of  little  avail ;  remedies  must  be  directed  to  the  central  ner- 
vous system.  Precisely  so  when  chronic  local  disease  has  enfeebled 
the  vital  functions  and  impaired  nutrition,  our  applications  are  to  be 
directed  to  the  general  system  as  well  as  to  the  seat  of  the  lesion. 

3.  In  certain  diseases  which,  though  themselves  incurable,  are  ac- 
companied by  impairment  of  nutrition  that  is  susceptible  of  more  or  lest 
relief.  Palsy  agitans,  many  cases  of  cerebral  and  spinal  paralysis,  ad- 
vanced stages  of  locomotor  ataxia,  rheumatic  gout,  epilepsy,  and  cer- 
tain spastic  affections,  may  be  absolutely  incurable,  and  yet  the  ema- 
ciation, ner\'Ousness,  insomnia^  and  general  feebleness  with  which  these 
diseases  are  associated  as  cause  or  effect  or  concomitant,  may  be  sus- 
ceptible of  most  grateful  relief  from  general  faradization-  In  not  a  few 
cases  of  disease  of  these  varieties,  after  we  have  failed  to  do  any  good 
by  galvanization  of  the  brain,  sympathetic  and  spinal  cord,  after  even 
central  galvanization  has  failed,  general  faradization  alone,  given  with- 
out special  reference  to  the  seat  of  the  pathological  lesion,  has  greatly- 
relieved  the  symptoms  and  been  of  invaluable  service  by  virtue  of  its 
tonic  effects,  although,  of  course,  it  could  have  no  permanently  curative 
influence.  dH 

Illustrative  cases  of  every  grade  will  hereafter  be  presented  in  deta^^ 

Cause  of  Failures  in  ElectrO'Therapeuiics.—The  comparison  we 
have  here  made  reveals  the  cause  of  some  of  the  failures  and 
discouragements  that  have  been  and  are  now  being  encountered 
by  many  experimenters  in  the  department  of  electro-therapeutics. 
Constitutional  diseases  have  been  treated  locally.  Morbid  constitu- 
tional conditions,  such  as  hysteria,  ansemia,  rheumatism,  and  the 
b*ke,  which,  as  all  physicians  agree,  demand  remedies  that  afiect  the 
s)'stem,  are  treated  electrically  only  through  their  local  symptoms,  such 
as  peripheral  paralysis,  or  neuralgia,  or  inflanmiation  of  the  joints. 
Temporary  relief,  or  metastasis  of  these  local  symptoms  may  indeed 
result  from  exclusively  localized  applications  in  such  cases,  but  per- 
manent cotrection  of  the  morbid  condition  on  which  these  s>-uiptomi 
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depend  can  only  be  obtained  by  general  treatment.  In  subacute  rheu- 
matism, for  example,  galvanization  or  faradization  of  an  inflamed  joint 
frequently  removes  the  pain  and  effusion  in  that  joint,  and  therefore 
may  advantageously  be  used  with  general  faradization,  just  as  the  ex- 
ternal application  of  alkaline  solutions  niay  advantageously  be  com- 
bined wfiih  the  internal  administration  of  the  same  remedies ;  but  to 
depend  on  merely  localized  electrization  in  such  cases  is  manifestly  as 
unphilosophical  as  it  would  be  to  depend  on  merely  local  applications 
of  alkalies.  In  general  practice  it  will  unfortunately  be  found  that 
physicians  will  frequently  use  localized  in  cases  for  which  general  treat- 
ment is  indispensable  for  complete  results,  for  the  reason  that  they 
have  neither  the  time  nor  the  practice  to  enable  them  to  use  the  latter 
method  with  success ;  just  as  the  majority  of  general  practitioners,  for 
want  of  a  galvanic  apparatus,  are  obliged  to  use  faradization  in  easel 
for  which  galvani^ration  is  imperatively  demanded. 

Combination  of  the  Methods, — Many  cases  are  most  successfully  treated 
by  a  combination  or  alternation  of  the  two  methods.  Thus  rheumatism, 
for  example,  may  be  treated  one  week  or  one  day  by  general  faradiza- 
tion, and  the  following  day  or  week  by  local  faradization  or  galvaniza- 
tion of  the  affected  joints. 

This  comparison  furthermore  reveals  and  explains  the  suggestive 
fact  that  the  sphere  of  electro  therapeutics  has,  in  a  measure,  corre- 
sponded to  and  progressed  with  the  advance  in  the  method  of  applica- 
tion. Thus,  when  peripheral  applications  were  chiefly  used,  the  scope 
of  electro-therapeutics,  though  important,  was  narrow,  neuralgia  and 
paralysis  being  the  diseases  for  which  it  was  mainly  employed.  On 
the  introduction  of  localized  galvanization  of  the  nerve-centres,  electri- 
city was  found  to  be  most  useful  for  many  conditions  in  which  pre- 
viously it  had  been  supposed  to  be  either  valueless  or  contraindicated. 
The  sphere  of  electro- therapeutics  is  by  general  faradization  and  cen- 
tral galvanization  still  further  extended  to  embrace  a  large  variety  of 
conditions  and  indications  which  localized  applications  fulfil  either  aol 
At  all,  or  but  very  imperfectly. 
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A  feioale  patient  is  taken  in  order  to  shov  that  this  method  in  its 
entirety  requires  little  or  no  exposure. 
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Fic.  97. 

CSHTRAL  GALVANiZATiotf ,  sccond  Stage.  One  pole  same  poatioD  u  before,  or  loi»« 
down,  and  the  other  passed  up  and  down  by  the  inner  border  of  the  stemo- 
deido-mastoid  mascle  from  the  auriculo-maxillarjr  fossa  to  the  sternum. 


D^taiis  of  the  Applications. — We  do  not  always  make  the  applica- 
tions all  over  the  head,  but  merely  on  the  forehead,  gently  passing  the 
electrode  from  one  side  to  the  other ;  then  baptize  the  patient  on  the 
cranial  centre^  at  the  lop  of  the  head,  and  rest  the  pole  there  for  about 
one  minute,  and  sometimes  longer.  To  the  head  we  apply  from  two 
to  six  or  eight  cells — for  patients  vary  in  their  susceptibility — ^beginning 
with  a  weak  current,  and  gradually  increasing  until  a  sour  or  metallic 
taste  is  perceived  in  the  mouth.  The  cranial  centre — the  summit 
between  the  ears — we  regard  as  the  most  important  region  of  the  head 
in  all  electrical  applications,  and  especially  in  central  galvanization.  A 
current  passing  from  that  point  to  the  epigastrium,  traverses  the  centre 
of  life —if  life  has  any  centre-=and  affects  the  sympathetic,  and  the  roots 
of  the  facial  nerves.  The  sensation  produced  by  this  application  is 
different  from  that  of  any  other  application  to  the  head,  and  is  som» 
times  indefinable. 
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An  application  to  this  point  for  oq«  or  two  minutes  is  usi  ally  about 
as  much  galvanization  as  the  brain  needs.  In  exce|>tiona]  cases, 
where  the  hair  is  thin,  or  the  head  is  bald,  we  make  the  applications  all 
o\*er  the  surface,  back  and  front.  In  applications  to  the  bead,  care 
should  be  taken  to  avoid  sudden  interruptions,  or  shocks  that  cause 
dizziness ;  the  flashes  of  light  before  the  eyes  are  of  little  account,  but 
nothing  is  gained  by  producing  them,  and  they  are  annoying  to  the 
patient 


Pio.  98. 
Central  Galvanization,  third  stage.  One  pole  same  position  as  before,  or  on  ibt 
breastbone,  and  the  other  at  the  bsck  of  the  neck  between  the  first  and  serenth 
cervical  vertebre. 


The  electrode  is  then  passed  down  the  inner  border  of  the  stcmo- 
deido-mastoid  muscle,  from  the  auriculo-maxillary  fossa  to  the  clavicle, 
for  the  purpose  of  affecting  the  pneumogastric  and  sympathetic 
We  usually  make  the  application  on  both  sides,  and  from  one  to  ive 
minutes. 

In  galvanizing  the  spine,  especial  attention  is  given  to  the  ciliospinai 
centre,  below  the  first  and  seventh  cervical  vertebrar,  which  is  to  the 
spine  what  the  cervical  centre  is  to  the  brain.     The  cervical  sympathetic 
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and  pncumogastric,  as  well  as  the  spinal  cord,  are  affected  by  the  cur- 
rent. The  electrode  should  also  be  passed  over  the  entire  length  of  the 
cord  by  iabUe  applications  up  and  down.  The  back  is  not  usually  sensi- 
tive, and  strong  currents,  from  ten  to  tliirty  cells,  can  be  borne  without 
any  more  discomfort  than  a  burning  or  priclcii^  sensation  beneath  both 
electrodes. 


CuiTRAL  Galvanization,  Toiirth  stage.  One  pole  same  position  as  before,  or  ovet 
the  abdomen,  and  the  other  parsed  beneath  the  looKDed  clothing,  up  and  down 
the  cord,  from  the  seventh  cerviod  vertebra  to  the  coccyx. 


The  back  nuiy  be  treated  from  three  to  six  minutes,  and  the  whole 
length  of  the  seance  of  central  galvanization  ranges  from  five  to  fifteen 
minutes. 

Preparation  of  tht  Patient. — All  the  preparation  a  male  patient  re* 
qtiires  for  central  galvanization  is  to  unbutton  and  loosen  the  collar^ 
remove  the  coat  and  vest,  and  slip  up  the  whole  clothing,  so  that  free 
access  can  be  had  to  the  spine. 

A  female  patient  may  remove  her  corsets  and  slip  up  her  onder 
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clothing,  or  merely  loosen  the  clothing  at  the  neck  and  waist^  so  as  tc 
make  room  for  an  electrode  to  be  passed  down  to  the  epigastrium,  and 
for  a  spinal  electrode  to  be  passed  up  and  down  the  back. 

Electrodes, — For  the  negative  electrode  at  the  pit  of  the  stomach, 
iny  sponge  or  flannel  electrode  with  a  broad  suiface,  so  as  not  to  be 
too  painful,  and  an  insulated  handle  that  the  patient  can  hold,  will 
answer. 

For  the  positive  polcj  we  prefer  adjustable  electrodes  (see  p.  323)»  of 
different  sizes.  These  can  be  passed  under  the  clothing  with  great  ease, 
and  can  also  be  provided  with  flannel  covers,  that  may  be  washed  as 
often  as  necessary. 

Battery. — Almost  any  form  of  galvanic  battery  will  answer  for  central 
galvanization,  but  for  reasons  before  given  (p.  311),  a  battery  that  gives 
a  steady  uniform  current,  and  that  is  provided  with  a  rheostat,  is  pre- 
ferable. The  Cabinet  battery  is  exceedingly  convenient  for  centra! 
galvanization. 

The  method  of  central  galvanization  is  based  on  these  four  as- 
sumptions, all  of  which  seem  to  us  justifiable. 

1.  That  in  a  very  large  number  of  diseases,  and  especially  of  the  so- 
called  functional  diseases,  the  pathology  is  not  exclusively  confined  tc 
any  region  of  the  brain,  or  sympathetic,  or  spinal  cord,  but  the  whole 
central  nervous  system  is  invaded  by  a  condition  of  exhaustion  and  ir- 
ritability.  We  believe  this  to  be  true  not  only  of  hysteria,  chorea,  and 
of  many  affections  allied  to  them,  but  of  certain  slates  of  neuralgia,  and 
a  number  of  diseases  of  the  skin.  It  is  possible,  furthermore,  that  some 
diseases  that  are  not  now  regarded  as  in  any  respect  of  a  nervous  char- 
acter may  in  the  future  be  shown  to  depend  so  closely  on  the  nervous 
system  that  they  can  be  most  successfully  treated,  not  through  their 
irarying  and  local  manifestations,  but  through  the  brain,  spinal  cord,  and 
sympathetic.  That  certain  diseases,  not  primarily  nervous,  do  so  affect 
the  nervous  system  that  they  need  to  be  treated,  in  part  at  least,  by 
remedies  that  act  on  the  nerves,  will  be  conceded,  I  suppose,  without 
question. 

2.  That  a  large  proportion  of  the  most  frequent  and  distressing  chronic 
diseases,  as  hysteria,  hypochondria,  neurasthenia,  chorea,  epilepsy, 
nervous  dyspepsia,  neuralgia,  and  many  forms  of  insanity,  are  so  obscure 
and  subtle  in  their  pathology  that  it  is  impossible  to  determine  the  pre- 
cise seat  of  th*  disease  in  any  given  case,  even  where  some  local  patho- 
logical condition  may  exist,  and  consequently  we  can  never  know  just 
where  the  currenc  should  be  localized.  Even  when  the  seat  of  die  di». 
ease  is,  or  is  supposed  to  be,  accurately  known,  if  a  special  revelarion 
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should  kindly  inform  us  whether  epilepsy,  for  example,  takes  its  origin 
in  the  brain  or  in  the  sympathetic,  and  should  point  out  to  us  just  where 
the  lesion  occurred,  we  should  still  be  in  the  dark  in  regard  to  the  best 
method  of  localizing  the  current,  for  without  another  and  still  more 
complex  revelation  we  could  not  determine  the  extent  to  which  all 
other  parts  of  the  nervous  system  had  been  affected  by  the  local  dL-i- 
ease. 

The  force  of  this  objection  to  the  use  of  the  accepted  method  of 
galvanizing  the  brain  and  cervical  sympathetic  is  seen  when  we  attempt 
to  give  the  complete  pathology  of  any  of  the  diseases  we  have  just  men- 
tioned, and,  indeed,  of  almost  any  nervous  disease  that  can  be  men- 
tioned. Where  is  the  precise  seat  of  the  disease  in  nervous  dyspepsia  ? 
We  know  that  the  stomach  is  weak,  and  we  prescribe  galvanization  of 
the  pneumogastric  ;  but  what  have  the  solar  plexus  and  the  spinal  cord 
to  say  in  the  matter?  Who  can  tell  just  how  not  only  they,  but  the 
brain  itself,  may  be  the  origin  of  nervous  dyspepsia,  or  how  much  they 
share  in  the  pathological  disturbance,  and  consequently  how  much  they 
need  treatment  ?  After  eleven  centuries  of  medical  study,  who  can 
tell  the  precise  and  exclusive  seat  of  the  disease  in  epilepsy,  hysteria,  and 
neurasthenia?  Is  not  the  probability  continually  growing  stronger 
with  the  advance  of  science,  that  in  these  and  many  other  diseases  the 
whole  or  a  large  part  of  the  central  nervous  system  shares  as  a  cause, 
cm:  result,  or  concomitant  ?  Even  in  those  diseases  where  tlie  lesion  is 
understood,  is  there  not  much  more  of  the  unknown  than  of  the  known  ? 
In  locomotor  ataxia,  progressive  muscular  atrophy,  spinal  congestion 
and  irritation,  is  the  spine  only  at  fault  ?  Do  the  sympathetic  and  bi  ;un 
wholly  escape  the  infection?  "Evil  communications  corrupt  good 
manners  "  in  pathology  as  well  as  iu  morals,  and  the  communications 
between  the  sympathetic,  and  cord,  and  brain,  and  the  nerves  that  branch 
from  all  these,  are  so  varied,  and  intimate,  and  complex,  that  when  the 
cord  is  known  to  be  diseased  we  ^/^ry  naturally  incUne  to  consider  the 
other  parts  of  the  nervous  system,  like  "  poor  dog  Tray,"  in  bad  com- 
pany, and  we  become  very  justly  suspicious  of  their  character.  In  this 
suspicion  we  are  justified  by  the  accepted  views  of  the  functions  of  the 
sympathetic,  and  by  the  clinical  signs  and  symptoms  of  these  diseases 

In  cerebral  hemorrhage  we  usually  know  the  general  locality  of  the 
disease,  if  not  its  precise  nature ;  but  tlie  spinal  cord,  through  disuse, 
becomes  aiTected  with  secondary  degenerations,  and  the  organs  of  di- 
gestion also  more  or  less  sympathize. 

3.  That  the  nutrition  of  the  central  nervous  system  will  be  improTed 
by  passing  through  it  a  mild  galvanic  current. 
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The  positive  pole  (anode)  is  applied  over  the  head,  neck,  and  spine, 
because  it  is  less  irritating  than  the  negative,  and  tends  to  diminish  irri* 
tabilit)'.  The  majority  of  the  cases  for  which  central  gah  anizaticn  is 
used  are  in  a  condition  of  abnormal  irritability,  and  need  the  calming 
effects  of  analectrotonos  rather  than  the  irritating  effects  of  catalectro- 
tonos.  To  this  rule  there  are  individual  exceptions  :  there  are  cases 
that  appear  to  be  benefited  more  by  the  negative  than  the  positive 
pole.     (See  pp.  726-328.) 

The  negative  pole  (cathode)  is  placed  at  the  epigastrium,  because 
the  epigastrium  is  a  good,  indifferent  point,  that  will  bear  well  the  irri- 
tating effect  of  catalectrotonos.  In  order  to  avoid  over-irritating  the 
stomach  and  the  pneumogastric  nerve,  it  is  well,  in  very  sensitive 
patients,  and  when  long  applications  are  used,  to  change  the  posiiion 
of  the  negative  electrode  by  moving  it  up  and  down  between  the  ster 
num  and  abdomen. 

The  positive  and  negative  modifications  (see  Electro-Physiology,  p.  103; 
that  take  place  at  the  breaking  of  the  galvanic  current,  in  the  region  of 
the  anode  and  the  cathode,  probably  complicate  somewhat  the  effects  of 
treatment— are,  indeed,  factors  of  some  importance  in  producing  the 
effects,  and  not  unlikely  explain,  in  part,  the  disagreeable  results  that 
come  from  too  frequently  interrupting  the  current  when  treating  nerve- 
centres.  The  positive  and  negative  modifications  can,  however,  be 
mostly  avoided  by  using  a  rheostat  of  some  kind,  and  gradually  reducing 
the  strength  of  the  current  to  a  minimum  before  the  electrodes  are  re- 
moved. 

Central  Galvanisafion  Compared  with  Localized  GahantMation  of  the 
Nerve-eentres. — We  claim  for  central  galvanization  a  distinct  and  sepa- 
rate position  among  the  different  methods  of  using  electricity  in  medicine. 
The  applications  of  the  galvanic  current  to  the  head,  the  neck,  and  the 
spine,  which  have  been  variously  used  by  electro- therapeutists  since  the 
time  of  Remak,  are  simply  forms  of  localized  electrization,  since  the 
object  aimed  at  in  all  of  them  is  to  localize  the  current,  so  far  as  possible, 
in  the  brain  or  some  portion  of  it,  in  the  cervical  ganglia  of  the  sympa- 
thetic, or  in  the  spinal  cord  Then,  again,  in  all  these  forms  of  localized 
galvanization  of  the  nerve-centres,  the  poles  are  placed  near  each  other 
over  the  part  to  be  affected,  and  the  peculiar  action  of  both  poles  is  felt, 
•o  far  as  is  possible  by  external  application,  in  the  organ  that  is  treated. 

In  galvanizing  the  head,  for  example,  the  poles  are  applied  behind 
the  ears,  or  in  front  of  them,  or  one  is  placed  on  the  forehead,  and 
the  other  on  the  occiput,  or  at  the  nape  of  the  neck.  In  galvanizing 
the   cervical   ganglia  ol  the  sympathetic,  one  pole  is  placed  on  the 
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auriculo-maxillary  fossa,  or  along  the  inner  border  of  the  sterno-cleido 
mastoid  muscle,  while  the  other  is  applied  at  the  back  of  the  necL  In 
galvanizing  the  spine,  one  pole  is  placed  at  the  upper  or  lower  part, 
while  the  other  is  passed  up  and  down  the  entire  length,  or  kept  in  one 
place,  or  both  may  be  moved  up  and  down  the  entire  length  of  the 
cord,  or  confined  to  any  portion,  as  is  desired. 

But  in  central  galvanization  the  electrodes  are  so  placed  that  the 
whole  central  nervous  system  is  brought  under  the  influence  of  one  pole 
(usually  the  positive)  of  the  galvanic  current  at  one  sitting,  and  without 
any  important  change  of  position  of  the  negative  pole.  Besides  the  cen- 
tral nervous  system,  the  pneumogaslric  and  the  stomach  itself  are  also 
affected ;  in  a  word,  the  great  centres  of  life,  of  health,  and  of  disease. 

Comparing  central  galvanization  with  localized  galvanization  of  the 
nerve  centres,  by  the  effects^  we  find  differences  of  a  most  marked  and 
interesting  character  exist.  The  ordinary  methods  of  galvanizing  the 
cervical  sympathetic,  the  brain,  or  the  spine,  do  not,  either  singly  or  in 
combination,  produce  the  powerful  tonic  results  that  are  frequently  ob- 
tained by  central  galvanization.  Sedative  and  tonic  effects  are  unques- 
tionably produced  by  these  local  methods,  but  they  are  frequently  in- 
ferior in  quality  and  degree  to  those  derived  from  central  galvanization 
when  properly  administered.  This  conclusion  is  derived  from  actual  trial 
and  observation  of  cases.  Neither  the  temporary  nor  the  permanent 
effects  of  localized  galvanization  of  the  brain,  of  the  cervical  sym- 
pathetic and  pneuniogastric,  or  of  the  spine,  are  as  satisfactory  in  many 
cases,  even  when  they  are  successively  used  at  the  same  sitting  and 
with  the  same  time  and  strength  of  current,  as  central  galvanization. 

Still  further,  experience  teaches  that  the  method  of  central  galvaniza- 
tion, in  its  completeness,  is  more  serviceable  than  partial  or  incomplete 
applications  of  it.  Placing  the  negative  pole  on  the  epigastrium,  and 
the  other  on  the  spine,  will  not  accomplish  the  full  effects  of  central 
galvanization,  although  so  far  as  it  goes  it  is  a  good  method,  and  pro- 
duces sedative  and  tonic  effects.  To  confine  the  attention  to  the  head 
and  neck  alone,  also,  is  not  sufficient. 

Compared  wiih  General  J^aradizaihn,— Comparing  centra!  galvaniza- 
tion with  general  faradization,  we  find  most  important  differences.  In 
the  one  only  the  galvanic,  in  the  other  onl)  the  faradic,  current  i» 
used. 

In  general  faradization  the  application  is  made  not  only  over  the 
central  nervous  system,  but  over  the  entire  trunk,  and  especial  attention 
is  given  to  the  muscles  of  the  abdomen  and  extremities.  In  central 
galvani'-ation  the  chief  aim  is  to  affect  the  central  nervous  system;  in 


COMPARED   WITH   LiENERAL  FARADIZATION. 


385 


: 


general  faraduation  the  chief  aim  is  to  affect  the  muscular  systerii» 
although  the  nervous  system,  central  and  peripheral,  is  affected  both 
directly  and  reflexly. 

Comparing  the  effects  of  central  galvanisation  with  those  of  general 
faradization,  we  find  that  both  are  powerful  tonics,  and  are  adapted  foi 
conditions  of  debility,  by  whatever  names  they  may  be  known.  Foi 
some  cases,  and  particularly  for  cases  associated  with  great  muscular 
debility,  general  faradization  is  more  effective  than  central  galvaniza- 
tion. On  the  other  hand,  in  cases  where  simply  exhaustion  of  the 
nerve-centres  is  the  leading  condition — as  hysteria,  chorea,  and  so 
forth— central  galvanization  is  oftentimes  far  superior  to  general  faradi- 
zation. 

Central  Galvanization  alternated  with  General  Faradization.  — Some 
of  the  best  results  that  we  have  yet  seen  have  been  secured  by  combin- 
mg  or  by  alternating  the  two  methods. 

Son)etimes,  after  general  faradization  has  done  al!  that  it  is  capable  of^ 
central  galvanization,  rightly  used,  helps  to  lift  the  patient  still  higher. 
In  cases  where  we  are  not  experimenting,  and  seek  only  the  best  good 
of  the  patient  in  the  shortest  time  possible,  we  use  in  succession,  or 
alternation,  and  with  changes  and  modifications,  all  the  principal 
methods — local  galvanization  of  the  brain,  of  the  cervical  sympathetic 
and  spine,  general  faradization  and  central  galvanization.  This  course 
is  found  to  be  oftentimes  justified  by  the  results.  The  improvement  is 
more  positive  and  more  permanent  than  when  a  single  method  is  used 
exclusively. 

Some  cases  we  treat  one  week  by  general  faradization,  the  next 
week  by  central  galvanization ;  sometimes  we  alternate  the  methods 
from  day  to  day. 

There  are,  however,  cases  not  a  few,  where  all  forms  of  faradisation, 
and  where  local  galvanization  of  the  nerve-centres  irritates  rather  than 
benefits,  but  in  which,  under  the  method  of  central  galvanization,  there 
is  sure  and  constant  iinprovemenL 

Dr.  Althaus,  of  London,  in  the  third  edition  of  his  most  excellent 
work  on  Medical  Electricity,  afler  describing  this  method  of  central 
galvanization  in  detail,  remarks  that  he  had  never  carried  out  the 
method  in  its  entirety,  but  that  he  had  used,  experimentally,  applica- 
tions to  the  head  and  neck  with  the  anode,  and  to  the  epigastrium  with 
the  cathode.  He  states  that  unpleasant  resttlts  have  followed  these 
experiments,  that  disagreeable  cerebral  symptoms  were  produced  by  il 
during  the  application,  and  which  sometimes  continued  for  twenty-foui 
hours  or  more  ailerwards. 
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*'Tbe  psdenls  had  a  general  sensation  o(  m^aise  and  n  7Toiisz»ef& 
headache^  and  a  feeling  of  giddiness  and  conliukyo.'* 

Dr.  Alihaus  further  states  that  be  has  used  the  "application  of  th€ 
anode  to  the  cervical  and  lurabar  spine,  and  of  the  cathode  to  the  pit 
of  the  stomach  with  advantage." 

Nothing  IS  eaaer  than  to  prodacc  these  unpleasant  results  m  sus> 
ccptibic  patients  by  any  method  of  galvanizing  the  brain   and  neck 
pronded  strong  currents  arc  used,  or  interruptions  are  allowe<!,  or  the 
Applications  are  prolonged.     The  same  effects  may  follow  general  fara- 
dization and  localized  galvanization. 

In  beginning  to  treat  a  patient  by  central  galvanization,  we  should 
use  very  mild«  scarcely  perceptible  currents,  particularly  around  the 
head  and  neck,  and  even  on  the  cervical  spine,  and  great  pains  should 
be  taken  to  avoid  breaking  the  current,  and  the  application  should  be 
of  only  a  few  moments*  duration.  Taking  these  precautions  has  now 
become  with  us  a  mere  matter  of  routine,  and  we  are  every  day  accus- 
tomed to  treat  the  most  sensitive  and  delicate  patients— cases  of  hys. 

teria,  nervous  exhaustion,  hypochondriasis,  and  allied  affections cases 

which  arc  sufficiently  familiar  to  all  .\merican   physicians,  and  widi 
sedative  and  tonic  effects  that  are  not  obtainable  by  other  methods. 

Whenever  any  of  the  disagreeable  effects  spoken  of  by  Dr.  Althaus 
occur,  we  always  give  the  patient  a  longer  interval,  and  moderate  the 
applications  until  only  good,  unmixed  with  evil,  effects  appear. 

The  American  constitution  is  more  susceptible  to  electricity  than 
the  English  or  the  German,  and  if  our  ner\'Ously  exhausted,  hysterical 
women  can  bear  and  be  profited  by  central  galvanization,  surely  the 
women  of  England  and  Germany  might  be  treated  by  the  same  method, 
even  when  used  with  less  caution. 

We  have  frequently  treated  by  this  method  delicate  women  who  are 
too  feeble  to  walk  or  stand,  or  even  to  sit  up,  and  who,  therefore,  must 
be  treated  in  bed,  and  even  in  such  cases,  the  disagreeable  effects  only 
occur  now  and  then,  and  no  oftener  than  they  occur  when  other 
methods  of  electrization  are  employed  in  the  same  kind  of  cases ;  in> 
deed,  not  so  frequently  as  they  follow  general  faradization  or  local 
galvanization  of  the  brain. 

Reply  to  Objections  against  Galvanization  of  the  Ntrve-centres, — 
It  i§  proper  here  to  consider  briefly  some  of  the  objections  that  have 
been  brought  against  galvanizing  the  nerve-centres  by  the  method  of 
central  galvanization,  or  by  any  form  of  local  galvanization.  These 
objections,  which  in  some  instances  have  come  from  persons  who  on 
»ther  subjects  are  well-informed,  are  of  a  threefold  character. 
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1.  That  the  current  goes  around  the  nerve-centres,  and  not  through 
Ihem.  This  objection  is  fully  met  by  the  experiments  recorded  in 
MectroPhysiology,  pp.   173-176. 

2.  That  we  do  not  completely  understand  what  the  current  doei 
when  it  penetrates  the  nerve-centres — in  other  words,  the  rationale  of 
the  effect  of  eleclriciry  on  nutrition  is  not  yet  an  exact  science.  This 
objection  is  just  enough,  considered  as  a  fact,  but  considered  as  an  ar- 
gument, it  attempts  to  prove  too  much.  By  referring  to  Electro-Physi- 
olog>'  we  shall  sec  that  there  are  few,  if  any  remedies,  the  action  of 
which  is  as  well  understood  as  electricity.  We  do  not  exactly  and  ex- 
haustively know  its  action  on  the  nerve-centres,  neither  do  we  exactly 
and  exhaustively  know  its  action  on  the  peripheral  muscles  and  ner\'es, 
and  if  this  objection  is  to  hold  good  against  galvanization  of  the  nerve- 
centres,  it  must  also  hold  good  against  all  peripheral  galvanization  and 
(aradizadort. 

3.  That  it  is  dangerous  to  apply  the  galvanic  ciirrent  through  the 
head  and  neck. 

Dr.  Anstie,  who  is  a  very  strong  friend  of  electro-therapeutics  in 
general,  in  his  excellent  work  on  neuralgia,  speaks  of  galvanization  of 
the  cervical  sympathetic  as  a  method  to  be  either  avoided  or  used  with 
very  great  caution,  and,  in  support  of  this  view,  adduces  a  case  in  his 
own  practice.  In  a  review  of  Tibbetts's  little  **  Hand-book  of  Medical 
Electricity,"  Dr.  Anstie  repeats  this  caution,  and  expresses  apprehen- 
sion lest  great  injury  may  follow  the  use  of  this  method  of  treatment. 
The  error  of  Dr.  Anstie  consists,  not  in  enjoining  caution,  since  this  is 
needed  in  all  electrical  applications,  but  in  suggesting  the  idea  that  gal- 
vanization of  the  cervical  sympathetic  is  a  dangerous  procedure,  likely 
to  pro<luce  serious  results.  Quite  recently  Dr.  Brown -Sfiquard,  in  a 
foot-note  to  one  of  his  series  of  very  able  papers,  speaks  as  follows : 

"  Recently,  some  bold  physicians  have  tried  to  galvanize  the  cervical 
sympathetic  nerve.  This  I  did  once  in  1855  on  my  eminent  friend 
Prof.  Ch.  Rouget,  to  try  to  relieve  him  from  a  most  violent  headache. 

•'  The  effect  was  all  we  could  desire  against  the  headache ;  but  the 
galvanic  current,  acting  at  the  same  time  on  the  sympathetic  and  the 
iragus  (the  simultaneous  excitation  of  these  two  nerves  cannot  be 
avoided),  produced  such  a  dangerous  syncope,  that  I  promised  myself 
that  I  would  never  try  again  to  apply  galvanism  to  the  cervical  sympa- 
thetic of  man."* 

The  best  reply  to  objections  of  this  nature,  coming  from  men  wbc 


*  Artkivts  of  Scientific  ani  Prmcticmt  Meiicint^  p,  92,  No.  1,  1875. 
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are  justly  distinguished  in  the  depaxtiuents  to  which  their  lives  are  Ac 
voted,  is  found  in  the  argumenium  ad  hominem. 

Dr.  Anstie  highly  recommends  hypodermic  injections  of  morphine  ui 
neuralgia. 

If,  now,  we  should  say  to  him  that  we  knew  of  a  case  where  an  injec 
tion  of  morphine  had  almost  instantly  caused  most  alarming  symptoms^ 
and  of  another  case  where  it  had  appaicntly  caused  death,  consequently 
we  had  resolved  never  again  to  use  that  method  of  treatment,  he  would 
reply  that  hypodermic  injections  had  been  tested  for  years  at  the  handi 
of  many  of  the  best  physicians  of  our  lime ;  that  those  who  are  most 
familiar  with  them  are  usually  the  most  attached  to  them ;  and  that, 
when  properly  administered  with  the  caution  that  all  potent  remedial 
measures  demand,  and  the  skill  that  only  experience  can  give,  they 
need  seldom  or  never  do  serious  harm  ;  and  that  the  infinitely  small 
chance  of  their  doing  harm,  when  thus  properly  used,  is  so  far  over- 
shadowed, by  the  infinite  relief  which  they  unquestionably  do  afford,  as 
to  be  hardly  worthy  of  consideration  in  the  practice  of  those  who  have 
raade  thejuselves  familiar  with  their  administration. 

Dr.  Brown-Sdquard  has,  among  very  many  other  researches,  deserved 
well  of  the  profession  for  having  given  an  explanation  of  the  action  of 
ergot  on  unstriped  muscular  fibre,  and  for  having,  on  the  basis  of  this 
explanation,  suggested  the  value  of  that  remedy  in  congestion  of  the 
spinal  cord. 

]f,  now,  we  should  say  to  him  that  there  are  cases  where,  with 
well  defined  symptoms  of  hyperiemia  of  the  cord,  ergot  at  once  aggra- 
vates the  symptom?,  we  should  but  state  the  truth  of  our  experience- 
He  could  reply,  however,  with  perfect  justice,  that  just  as  there  arc  those 
in  whom  a  single  strawberry  will  cause  most  disagreeable  symptoms,  or 
those  to  whom  a  mouthful  of  mutton  is  a  mouthful  of  poison,  just  so 
there  are  those  who,  whatever  their  disease  may  be,  cannot  bear  ergot ; 
but  that,  when  wisely  used  by  those  who  know  what  they  are  about,  it 
is  a  remedy  of  vast  and  various  efficacy. 

For  hypodermic  injections  of  ergot,  substitute  galvanization  of  the- 
cer\'ical  syiii[iathetic,  and  our  reply  is  complete.  There  are  those  to 
whom  electricity,  however  administered,  is  a  perfect  poison,  and  who 
were  not  born  to  be  treated  by  this  most  potent  of  remedial  agents. 
There  are  those  who  can  bear  it  in  well-nigh  Umitless  doses. 

There  are  those  who  can  bear  it  and  who  are  benefited  by  it,  but  onlj 
when  given  with  delicicy  and  great  caution.  Now,  it  is  possible  Xc 
galvanize  the  cervical  sympathetic  in  all  three  classes,  e:ccept  the  first, 
without  doing  any  serious  injury,  permanent  or  temporary.    £ven  thos* 
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mho  are  the  most  susceptible  to  electricity  ^  for  whom  this  force  can  nevtf 
be  beneficial,  can  yet  be  treated  by  the  method  of  central  galvanization^ 
ivith  very  mild  currents  and  short  sittings,  and  a  rheostat  of  some  kina 
to  avoid  interrupting  tfie  current^  without  any  permanent  or  temporary 
injury. 

All  our  most  potent  remedies  are  dangerous  when  used  dangerously 
4.  That  the  cases  which  have  been  treated  by  galvanization  of  the 
brain  have  been  so  carelessly  and  unscientifically  studied^  and  so  reck- 
lessly reported,  that  they  have  no  scientific  value.  Dr.  Cyon,  in  par- 
ticular, declares  that  the  observations  that  are  given  as  proofs  of  the 
curative  effects  of  galvani2ing  the  brain  are  valueless.  This  statement 
is  unfair.  What  is  true  of  certain  electro-therapeutists  is  not  true  of 
all.  The  therapeutics  of  galvanization  of  the  brain  have  been  studied 
by  men  who  have  been  trained  to  the  habit  of  close  and  discriminating 
observation  ;  who  recognize  and  bear  constantly  in  mind  the  enormous 
compUcations  that  beset  all  therapeutics  j  who  have  worked  under  the 
gaze  of  watchful  skeptics,  and  with  the  everlastirig  motto,  post  hoe  ergo 
propter  hoc,  incessantly  ringing  in  their  ears ;  men,  too,  who  have  car- 
ried conscience  into  science,  and  have  reported  the  results  to  the  world 
just  as  they  were  revealed  to  them. 

It  is  of  very  little  practical  consequence  whether  these  effects  are  due 
to  the  direct  passage  of  the  current  through  the  brain  or  to  the  reflex 
action  of  the  current  on  the  brain  through  the  sensory  nerves.  Reflex 
action  comes  in  to  explain  the  therapeutic  effects  of  electricity,  however 
and  wherever  applied.  Granting  for  one  moment,  what  is  not  true, 
that  mild  currents  cannot  penetrate  the  brain,  this  would  be  no  reason 
whatever  for  abandoning  the  electrical  treatment  of  the  brain  so  long 
»s  experience  shows  that  benefit  is  derived  thereby. 
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TBE  use  or  ntAXKumc  or  static  ELEcnuarr. 

The  two  great  obstacles  to  the  use  and  pofrahrttatioo  of  Fk 
electricity  have  been  :  x,  That  the  neoessaxj  apparatus  wcfe  bulk^ 
and  expensive  ;  3,  That  thev  were  more  or  les  dependent  npoo 
atmoftpheric  conditions,  and  therefore  uncertain  m  their  action.  The 
first  of  these  objections  stiU  holds,  but  the  other  no  longer  exists. 

With  the  apparatus  to  be  described  we  are  able,  at  all  seasons  and 
in  all  kinds  of  weather,  to  obtain  this  form  of  electricity  in  suAcienc 
quantity  for  therapeutic  purposes.  Notwithstanding  this,  however, 
there  is  one  disadvantage  under  which  we  occasionally  labor  in  the 
use  of  Franklinic  electricity,  and  this  is,  that  although  the  machine 
itself  works  well,  the  condition  of  the  external  atmosphere  is  such,  at 
certain  seasons,  that  the  stored  electricity  in  the  insulated  body  is 
abstracted  too  quickly.  It  is  mainly  in  the  months  of  July  and  August 
that  this  difficulty  occurs. 

Apparatus  for  Franklinization. — The  best  apparatus  lor  the  gen- 
eration of  Franklinic  electricity  for  medical  purposes  is  the  Holtz 
machine.  This  conlrivancc,  although  a  great  advance  over  the  old- 
fashioned  cylinder  machine,  still  proved  inoperative  during  most  of  the 
summer  months  at  least,  and  frequently  ceased  to  act  for  awhile,  even 
in  winter. 

Vigoroux  has  recently  been  experimenting  in  this  direction  in 
Paris,  where  it  has  been  found  that  if  the  apparatus  is  covered  with  a 
tightly  fitting  glass  case,  in  which  is  placed  a  quantity  of  chloride  of 
calcium,  which  absorbs  all  the  moisture  of  the  air,  electricity  can  be 
generated  with  more  or  less  readiness  in  all  kinds  of  weather. 

The  al  tent  ion  of  the  profession  in  this  country  was  first  called  to 
this  useful  contrivance  by  Dr.  W.  J.  Morton.*  The  machine  consists 
of  two  stationary  and  two  revolving  glass  plates,  giving  a  large  quan- 
tity, and  a  spark  of  eight  or  ten  inches. 

Formerly  but  a  single  revolving  plate  was  used,  which  yielded  a 

*  New  York  Medical  Record,  voL  xix..  No.  14. 
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lower  tension  and  iess  quantity  j  now,  however,  machines  of  ihiee,  and 
even  four,  revolving  plates  are  constructed,  and  any  amount  of  force 
can  b€  readily  obtained. 

For  almost  all  practical  purposes  the  four-plate  apparatus  with  its 
stationary  wheels  twenty-four,  and  its  revolving  wheels  twenty-two 
inches  in  diameter  is  sufficient.     This  apparatus  is  represented  in  Fig. 


^* 


*^mL 


^^ 
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1  oo.  The  machine  may  be  operated  by  steam  or  water  motor,  or  by 
hand 

Franklinization^  as  this  method  of  treatment  is  now  termed,  may  be 
given  in  several  ways,  each  differing  in  the  effect  produced. 

Insu/ation. — In  the  administration  of  Franklinic  electricity,  insula- 
tion is  the  first  step  taken,  and  to  this  end  the  patient  is  seated  upon 
a  platform  supported  by  glass  legs,  and  connected  by  a  brass  rod  with 
either  side  of  the  machine,  according  as  we  wish  to  give  a  positive  or 
a  negative  charge.     As  in  the  administration  of  dynamic  electricity,  so 
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Fig.  toca  represents  the  operator  in  the  act  of  drawing  sparks  fiom  the 
patient  seated  upon  the  insulating  stool. 

Brass  balls  of  various  sizes  (mounted  on  glass  handles,  held  by  the 
operator),  connected  by  a  brass  chain  with  the  ground,  or,  better  still, 
with  the  nearest  gas  or  water-pipe,  are  usually  employed.  Fig.  loo^ 
represents  the  ball  electrode  ordinarily  used. 

The  size  of  the  sparks  drawn  from  the  body  may  be  graduated  in  size 
and  length  ;  and  in  strength,  from  a  slight  tingle  to  the  sharp  impres- 
sion that  accompanies  a  large  spark  passing  through  several  inches  ot 
intervening  air.     The  body  varies  much  in  its  susceptibility  lo  electrical 


y' 


Fig.  looM. 

influences,  and  as  in  the  use  of  dynamic  electricity,  and  especially  the  in- 
duced form  of  it,  so  in  the  use  of  Franklinic  electricity  by  means  of  sparks, 
the  operator  should  subject  his  own  person  to  its  influences  until  he  is 
thoroughly  aware  in  what  regions  these  strong  sparks  are  not  dtsag^ree- 
able,  and  in  what  regions  they  are  painful.  A  large  variety  of  electrodes 
besides  those  represented  in  the  accompanying  cuts  may  be  used  ;  but 
aside  fron)  special  forms  for  the  ear,  mouth,  nose,  etc.,  the  ball  electrodes 
of  metjl  and  of  hard  wood,  and  the  pointed  rod  for  the  spray  or  electric 
wind,  are,  as  a  rule,  sufficient.  It  is  unnecessary  for  the  ))atient  to  removo 
any  of  his  clothing,  as  the  sparks  pass  readily  tlirough  the  thickest  fabrics 


394     THE   USE  OF  FRANKLINIC   OR   STATIC  ELECTRICITY. 

At  the  point  where  the  sparks  spring  from  the  skin  to  the  eiectn 
a  whitish  spot  will  be  at  first  noticed,  and  in  some  cases  they  very 
closely  resemble  the  ordinary  urticarial  wheals  followed  by  erythematous 
blushes  which  soon  disappear.  When  in  place  of  a  round  ball,  a  pointed 
rod  (Fig.  loor)  is  brought  within  a  few  inches  of  an  insulated  body 
already  charged,  wc  obtain  the  effect  called  the  electric  wind  or  spray.. 
This  is  due  to  the  silent  discharge  of  the  electricity  that  has  accumu- 
lated in  the  insulated  body. 

The  air  is  agitated  between  the  electrode  and  the  body  of  the  patient,- 
and  the  sensation  is  not  only  very  pleasant,  but  the  results  tliat  fol- 
low its  use  are  often  very  efficacious. 

General  Franklinization. — On  the  same  principle  that  we  apply  the 
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faradic  current  to  the  whole  surface  of  the  body,  calling  it  genera! 
faradization,  so  we  can  make  similar  use  of  the  franklinic  electricity, 
and  very  property  apply  the  term  General  Franklinization. 

This  is  accomplished  by  means  of  the  metallic  roller  (Fig.  ioo<f), 
although  it  is  by  no  means  so  generally  effective,  and  it  is  certainly  far 
less  agreeable.  It  directly  excites  the  cutaneous  nerves,  and  has  also  a 
powerful  reflex  action.  When  the  roller  is  used  upon  the  bare  skin,  the 
conduction  is  so  perfect  that  no  sensation  is  appreciated.  It  is  only 
when  the  clothing  intervenes,  acting  possibly  as  a  sort  of  Leyden  jar, 
that  the  peculiar  pricking  sensation  is  observed.  It  is  needless  to  say 
that  to  obtain  the  best  therapeutic  effect  of  the  roller,  it  should  be 
applied  over  the  clothing. 


VALUE   OF    FRANKLIXIC   ELECTRICITY. 


394^ 


Shocks  from  th<  Ley  den  jar, — These  are  produced  by  bringing  the 
body,  or  that  portion  of  it  upon  which  we  wish  to  operate,  in  the  cir- 
cuit between  the  outer  and  inner  coating.  A  shock  may  be  sent 
through  the  arms  and  chest  by  placing  one  hand  on  the  knob  connect- 
ing with  the  inner  coating  (containing  the  positive  electricity)  and  the 
other  hand  on  the  outer  coaling  of  the  jar  containing  the  negative  elec- 
tricity. A  shock  may  be  sent  through  the  pelvis  by  applying  one  end 
of  a  branched  conductor,  connected  with  the  Inner  coating,  to  the  back, 
and  applying  the  outer  coating  of  the  jar  against  the  hypogastric  region. 
In  the  same  way  the  electricity  from  the  Leyden  jar  may  be  localized 
in  any  part  of  the  body.  The  shock  is  a  violent  method  of  treatment 
and  is  not  usually  called  for. 

In  addition,  a  static  induction  current  (simultaneously  suggested  by 
Drs.  Morton*  and  Bartholowf)  can  be  obtained  from  a  Holtz  ap- 
paratus, and  this  has  been  suggested  as  a  substitute  for  faradic  elec- 
tricity. It  is  claimed  for  this  current  that  it  produces  maximum  muscular 
contractions  with  a  minimum  amount  of  pain,  and  that  the  response  is 
quicker  than  that  from  the  faratlic  current.  As  for  the  first  claim,  it  is 
difficult  to  see  how  it  can  be  determined,  since  the  ordinary  faradic  cur- 
rent, from  the  single  coil  apparatus  especially,  need  seldom  call  forth, 
pain  in  the  production  of  muscular  contractions.  As  to  the  alleged 
greater  quickness  of  response,  I  have  not  as  yet  been  able  to  satis- 
factorily form  an  opinion.  The  change  in  the  apparatus  for  the  pro- 
Cduction  of  this  current  is  quickly  and  easily  effected,  and  for  the  pur- 
poses of  localized  electrization  it  is  useful.  For  general  faradization, 
however,  I  can  quite  confidently  assert  that  it  is  far  inferior  to  the  cur- 
rent produced  by  the  best  faradic  apparatus. 
From  franklinic  electricity  tonic  and  sedative  effects  of  a  very  in- 
teresting and  positive  nature  can  be  obtained  either  by  insulation,  by 
_  sparks,  or  the  use  of  the  roller.  Speaking  from  a  considerable  experi- 
ence with  this  form  of  electricity,  I  should  say  that,  while  its  constitu- 
tional tonic  effects  are  umequal  to  those  that  follow  general  faradization, 
when  this  method  is  curried  out  properly,  with  due  attention  to  detail, 
yet,  as  an  adjunct  or  supi>lement,  it  is  invaluable.  It  is  one  of  the 
familiar  things  in  medicine  that  a  remedy  which  at  first  acts  well  may, 
after  a  time,  prove  inefficacious,  rendering  it  necessary  to  resort  to  some 
other  remedy  of  the  same  class.  This  is  tru;;  in  regard  to  the  dynamic 
and  static  forms  of  electricity.  Occasionally  cases  of  nervous  exhaus- 
tion, as  well  as  other  forms  of  disease,  after  improving  to  a  certain 
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point,  under  the  ixifiuence  of  galvanism  or  iaradisni,  hang  fire,  as  it  were, 
but  b/  submitting  the  patient  to  the  action  of  franklinization  a  new  im* 
poise  seems  to  be  given.  In  thb  iray,  one  treatment  supplementing 
and  re-enforcing  the  others,  results  are  obtained  far  more  satisfactory 
than  could  possibly  follow  the  exclusive  use  of  general  or  localized 
faradization,  central  galvanization,  or  franklinization.  Pain  is  sometimes 
relieved  by  franklinization  after  both  galvanism  and  faradisni  have 
failed,  but  this  is  not  the  rule.  The  pain  of  muscular  rheumatism, 
however,  is  relieved  by  this  method  sooner  and  more  effectually  than 
by  the  others.  For  this  purpose,  the  treatment  by  the  roller,  which 
exercises  a  generally  stimulating  effect  over  a  broad  surface,  is  sujje- 
rior  to  the  treatment  by  sparks. 

In  the  various  forms  of  true  neuralgia,  franklinism  is  not  comparable 
in  power  to  galvanism.  The  pain  that  the  former  is  frequently  so  suc- 
cessful in  subduing  is  generally  of  a  chronic  character,  confined  to  no 
special  nerve-trunks,  dull  and  aching  in  character,  and  with  no  tender- 
ness on  pressure.  In  these  cases  I  have  long  known  that  faradism 
was  superior  to  galvanism,  but  more  recent  experience  has  convinced 
me  that  franklinization  is  more  efficacious  than  either.  In  the  enlarged 
joints  of  subacute  and  chronic  rheumatism,  and  to  excite  the  process 
of  absorption  in  chronic  synovitis,  the  treatment  by  sparks  is  frequently 
more  efficacious  than  either  faradization  or  galvanization.  In  old  con- 
tractions, and  in  cutaneous  anaesthesia,  franklinization  frequently  pos- 
sesses advantages  over  the  others. 

In  locon)otor  ataxia,  and  in  systemic  diseases  of  the  spinal  cord  in 
general,  it  is  rendered  probable  by  a  number  of  suggestive  cases  that 
much  more  can  be  accomplished  by  the  use  of  franklinic  than  by  dy- 
namic electricity. 

In  electro-diagnosis  franklinic  electricity  is  of  but  limited  value, 
those  qualitative  and  quantitative  changes  which  are  so  important  as 
indicating  structural  degeneration,  being  satisfactorily  produced  only 
through  the  action  of  the  two  forms  of  dynamic  electricity. 

Valuable  as  is  franklinic  electricity,  it  has  a  more  limited  range  of 
usefulness  than  dynamic,  and  the  more  strongly  this  fact  is  impressed 
on  the  professional  jnind  the  better.  He  who  begins  with  franklinism 
the  study  and  practice  of  medical  electricity,  begins  at  the  wrong  end. 
Let  him  first  master  dynamic  electricity,  and  then  supplement  his 
knowledge  and  experience  in  this  direction  by  franklinism.  The  differen- 
tial indications  for  the  use  of  galvanism,  faradism,  and  franklinism,  may 
well  demand  the  closest  scrutiny,  for  on  the  accuracy  with  which  we 
mate  these  indications  will  largely  depend  the  success  of  our  efforts. 
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CLECTRIC  BATH& 


A  METHOD  of  employing  electricity  that  has  loDg  been  populat  anioDf 
Ihe  laity,  though  it  is  not  yet  fully  introduced  into  science,  is  the  eUctrii 
hath.  The  metliods  of  giving  electric  baths  are  various.  The  requisites 
are  a  bathing  tub  of  some  form,  partly  filled  with  water,  contrivances 
for  sending  the  current — either  faradic  or  galvanic — through  the  water  in 
which  the  patient  is  immersed-  An  electric  bath  can  be  extemporized 
in  any  ordinary  bath-tub.  The  patient  may  rest  his  feet  on  one  pole  in 
the  water  and  hold  the  other  pole  in  his  hand.  \n  that  position  the 
body  of  the  patient  becomes  part  of  one  or  the  other  pole,  and  the  cur- 
rent flows  through  hira  from  one  pole  to  the  otherj  Just  as  it  would  if 
there  were  no  water  in  the  bath  j  or  at  most  the  only  effect  of  the  water 
is  to  thoroughly  saturate  the  part  of  the  body  in  contact  with  the  pole 
in  the  bath.  This  method  is,  of  course,  exceedingly  crude,  and  can 
scarcely  have  any  conceivable  advantage  over  a  similar  position  of  the 
poles  outside  of  the  bath,  and  yet  it  has  been  not  a  little  used. 

Mr.  Russell  uses  the  following  form  of  electric  bath.  The  tub  ii 
of  the  ordinary  shape,  but  the  metallic  connections  are  so  made  that 
the  current  cannot  avoid  passing  through  the  body  of  the  patient.  One 
pole — a  broad  copper  plate — is  at  one  end  of  the  tub,  constituting  a 
part  of  its  lining  surface,  and  the  other  pole — also  a  broad  metallic  plate 
— is  placed  at  the  other  end.  Both  plates  are  under  the  water.  At 
the  head  of  the  tub  a  board  is  placed,  at  a  httle  distance  from  the  pole. 
This  board  has  in  it  a  slit  of  moderate  size.  Against  this  slit  rests  the 
back  of  the  patient,  while  his  feet  may  or  may  not  press  against  the 
copper  plate  at  the  other  end  of  the  tub.  By  tliis  arrangement  the  cur- 
rent can  be  directed  through  the  back  of  the  patient,  and  from  the  back 
through  the  body  and  lower  limbs.  Indeed,  the  back  of  the  patient  fit^ 
so  closely  and  snugly  into  the  slit  of  the  wooden  rest,  that  the  current, 
if  it  pass  at  all,  must  go  through  the  body. 

In  regard  to  the  electro  conductibility  of  the  body  as  compared  with 
water,  we  have  already  spoken.  The  hunian  body  is  composed  moetlj 
of  water,  h( tiding  in  solution  various  salts ;  it,  therefore,  conducts  bet 


In  the  arrangenieiit  tnat  Russell  uses  (Fig.  loi),  if  die  patient  presses 
hii  feet  against  the  copper  plate  at  the  lower  end  of  the  tub,  his  body 
becomes  a  part  of  the  po!e  that  is  attached  to  that  plate,  be  it  positive 
or  negative. 

Dr.  Justin  Hayes,  of  Chicago,  has  a  somewhat  different  forni  of  elec- 
tric bath.  In  the  sides  of  the  tub  and  near  the  bottom  are  a  number  of 
electrodes  connected  with  the  battery.  These  electrodes  are  so  arranged 
that  the  current  can  be  sent  through  any  one  or  all  of  them,  and  thus  be 
localized  on  the  part  that  specially  needs  treatment. 

Thi«  method  of  using  electricity,  which  is  called  the  electro-thermaJ 
treatment,  is  carried  out  by  Dr.  A.  P.  Peck,  of  Chicago,  who  has  ob 
tiined  excellent  results  from  its  employment. 

The  stu(!y  of  the  comparative  practical  advantages  of  these  differeni 
forms  of  baths  is  of  course  beset  by  many  complications. 
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Effects  of  the  Electric  Bath.—lxv  regard  to  the  theripeuiic  effecU 
of  the  electric  bath,  we  have  these  remarks  to  offer: 

1.  The  stimulating,  sedative,  and  tonic  effects  of  electricity  are  ob- 
tained more  or  less  by  all  forms  of  electric  baths ;  not  only  those 
•where  the  current  is  localized  in  some  part  of  the  body,  but  those  where 
It  is  generally  diffused  without  regard  to  localization  and  without  re- 
gard to  current  direction,  exert,  there  is  no  question,  more  or  less  the 
special  and  distinctive  physiological  and  therapeutical  effects  of  elec- 
tricity. Those  forms  of  baths  that  admit  of  localization  of  the  current 
seem  to  us  to  be  far  more  scientific  and  rational  than  those  that  do 
not  admit  of  such  localization,  but  all  forms  are  capable  of  affecting  the 
system,  for  electricity  cannot  pass  through  the  body  without  doing 
more  or  less  good  or  evil. 

2.  The  question  whether  electricity,  administered  in  any  of  the  forms 
of  baths  yet  devised,  has  any  therapeutical  advantage  over  the  ordinary 
methods  of  using  electricity — as  localized  faradization  and  galvanization, 
general  faradization  and  central  galvanization — has  not  yet  been  estab- 
lished. Even  if  it  should  be  proved  that  in  certain  diseases  or  certain 
conditions  the  electric  baths  are  slightly  superior  to  ordinary  electriza- 
tion, the  further  question  would  still  arise  whether  this  advantage  is 
sufficient  to  compensate  for  the  longer  time  and  greater  labor  and  in- 
convenience of  the  baths.  The  question  is  one  of  exceeding  complexity 
— for  the  therapeutical  effect  of  the  water  is  combined  with  the  thera- 
peutic effect  of  the  electricity,  and  to  eliminate  the  one  or  the  other 
is  no  easy  task.  Enthusiastic  advocates  of  the  baths  sometimes  make 
the  same  mistakes  as  the  advocates  of  Franklinization,  or  the  use  of  stati- 
-cal  electricity,  of  assuming  that  the  results  which  they  undeniably  obtain, 
and  which  are  sometimes  most  satisfactory,  could  not  just  as  well  have 
been  obtained  by  a  proper  use  of  electricity  in  some  of  the  ordinary 
methods. 

It  is  claimed  that  the  baths  will  be  borne  by  temperaments  that  will 
oot  bear  ordinary  electricity.  This  claim  may  possibly  be  just,  and 
yet  the  difficulty  of  demonstrating  it  is  very  great ;  for  those  who  take 
the  baths  and  are  benefited  by  them  may  most  likely  have  been  im- 
properly treated  by  the  other  methods,  and  thus  fall  into  the  delusion  that 
the  baths  are  per  se  more  bearable  than  ordinary  electrization. 

The  true  and  only  way  to  determine  this  question  is  for  those  who  are 
masters  in  electrology  to  try  the  baths,  side  by  side  with  their  other 
methods  of  using  electricity  ;  just  as  tliey  try  the  two  currents  and  the 
different  methods  of  using  them  on  the  same  patients  and  on  differ enl 
patients,  and  in  a  wide  variety  of  diseases.     Observations  of  this  kind« 
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aVSTERIA  AND   ALLIED    ArFECTIONS. 


Under  this  head  we  include  hysteria,  in  the  ordinary  sense  of  tliaf 
term  ;  neurasthenia,  or  nervous  exhaustion ;  hypochondriasis  and  mel- 
ancholia ]  spinal  irritation,  with  the  manifold  symptoms  with  which  it 
is  associated ;  insomnia  ;  and  astraphobia,  or  fear  of  lightning. 

We  give  hysteria  and  allied  affections  a  prominent  position  in  the 
clinical  portion  of  this  work,  because  it  is  a  class  of  diseases  for  which 
electrical  treatment  is  especially  adapted,  and  in  which  its  success  is 
most  remarkable.  This  fact  is  not  generally  appreciated,  for  the  reason 
that  the  profession  have  looked  upon  electricity  as  a  stimulant  merely, 
and  have  not  fully  recognized  its  sedative  and  tonic  properties,  and 

bfaence  have  confined  their  attention  largely  to  paralysis,  as  the  one  dis- 
ease above  all  others  to  be  treated  by  this  agent. 

EhctrO'diagnosis. — Usually,  though  not  necessarily,  there  is  exces 
sive  sensitiveness  to  the  electric  current  in  all  parts  of  the  body.  Pa- 
tients sometimes  can  bear  only  the  mildest  currents.  In  some  cases 
even  a  mild  current  will  not  be  borne  on  the  middle  of  the  back,  which, 
in  health,  is  usually  so  little  sensitive.  Reflex  sensations  may  be  ob- 
served during  electrization  of  hysterical  patients.  Irritation  of  the  dis- 
eased side  of  the  body  may  be  sensitively  felt  in  Ae  healthy  side. 
Sometimes  there  is  capacity  for  bearing  very  strong  currents  without 
injury^  even  when  there  is  great  hyperastheiia.  The  electro  diagnosis 
of  hysterical  paralysis  will  be  presented  under  that  disease. 

Treettment. — Hysteria  is  a  constitutional  disease,  and  demands  coi>- 
stitutional  treatment  To  attempt  to  chase  after  and  direct  the  appU< 
cation  of  electricity  to  each  special  symptom  as  it  appears,  is  unphilu- 
sophical  and  usually  unsuccessful.     General  faradization  and  centra] 

I  ^vanization  are  methods  of  electrization  that  are  indicated  for  hybtcria. 

'  Under  whatever  symptoms  it  may  be  developed,  our  chief  and  best 
results  have  been  obtained  by  these  methods.  This  general  treatment 
docs  not,  of  course,  dispense  with  localized  electrization  of  paralyzed 
mascles^  or  special  attention  to  any  localities  where  the  disease  w 
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Mfysteria  0/  om  year*  :  standing  in  a  married  lady^  /ollou/ing  parturitton  ;  ttrang 
and  indtfinite  sensrJiani  in  the  tegs  ;  tuklingy  eravfling,  pricking,  reaving,  beat 
ing,  pounding,  heaving,  rolling  sensations  over  head  ani  body  ;  imaginary  swell 
ing  of  the  body ;  Jits  of  weeping  and  great  despondency— -Rapid  and  decid'f* 
improvement  under  central  gah'am^ation  with  strong  currents,  after  failure  of 
general  faradiiation — Cod'Hver-oii  emulsion  and  counter-irritation  used  at  the 
same  time. 

Cass  II. — Mrs.  B.,  a  married  lady^,  with  two  children,  was  referred  to  ui  Novcm- 
tier  5,  1S72,  by  Dr.  Conkling,  of  Brooklyn. 

The  patient,  though  a  lady  of  unusual  intelligeace  and  great  strength  of  will,  had 
for  nearly  a  year  been  a  victim  to  many  of  the  worst  symptoms  of  hysteria.  The 
cymptoms  appeared  ten  days  after  the  birth  of  her  second  child  ;  up  to  that  time  her 
licalth  had  been  almost  perfect.  She  came  from  a  family  in  whom  there  was  some 
tendency  to  consumption,  and  she  had  lost  two  sisters  by  that  disease.  A  short  time 
before  the  birth  of  her  second  child,  she  hail  fallen  down  stairs  and  had  struck  on  the 
back  of  her  head.  The  query  arose  whether  that  might  not  have  had  something  to 
do  with  her  disease.  The  symptoms  came  on  in  the  night,  and  quite  sudderUy.  She 
became  excessively  nervous,  almost  wild,  and  the  physician  was  sent  for  and  succeeded 
in  calming  her ;  then  followed  a  long  catalogue  of  woesi.  On  the  top  of  the  head 
was  a  constant  sensation  of  shaJdng  or  agitation,  or  thrilling,  as  she  described  it,  and 
heaving,  rolling,  l)eating.  waving,  pounding  sensations  were  felt  in  the  head  and  over 
the  body.  There  had  been  many  attacks  of  weeping;  at  all  times,  though  naturally 
hopeful,  alie  was  cast  down,  and  imagined  she  did  not  love  a5  slie  sliould  one  of  her 
children.     The  general  nutrition,  as  usual  in  such  cases,  was  well  mainlnlned. 

The  patient  had  tried,  with  great  thoroughness,  general  faradization  but  without 
substantial  service. 

We  used  on  her  mainly  central gahanisaiion,  combined  with  the  use  of  cod-liver- 
oil  emulsion,  and  mild  counter-irritation  over  the  tender  vertebrae. 

The  patient,  with  all  her  nervousness,  bore  the  gah'ante  current  in  enormous 
d(aes  :  it  seemed  to  be  impossible  to  injure  her  by  ovcr-clectritatioii.  We  soon  found 
that  the  stronger  the  carrents,  and  the  longer  the  applications,  the  greater  the  benefit. 
Even  through  the  brain  strong  currents,  now  and  then  interrupted,  did  no  harm. 
She  soon  b^an  to  improve,  and  continued  to  improve  not  only  during  the  three 
months  of  treatment,  but  subsequently,  and  there  was  in  this  intprovemeal  a  consid- 
erable degree  of  permanency. 


In  the  above  case  there  were  facts  of  great  ioteresl.  First,  the  ex- 
traordinary tolerance  in  a  highly  nervous  patient  of  the  galvanic  cur- 
rent; and  secondly,  the  supreme  advantage  of  central  galvanizatioD 
Over  general  faradization  in  severe  functional  diseases  of  the  central 
nervous  system. 

Hysterical  and  analogous  symptoms  are  both  associated  with  and 

dependent  upon  recognizable  uterine  disorders,  but  in  many  cases,  whila 

these  symptoms  may  be  associated  with  and  aggravated  by  such  disor* 

ders,  lliey  are  not  by  any  means  always  dependent  upon  them. 
26 


During  his  service  at  the  New  York  State  Woman  s  Hospital  Dr.  Rock- 
well  has  found  that  symptoms  of  exccssivt:  nervousnesii,  etc.,  which  were 
supposed  to  be  snerely  a  reflex  of  local  derangement,  have  frequently 
yielded  to  some  form  of  electrisation,  before  any  manifest  change  has 
been  observed  in  the  condition  of  tlie  sexual  apparatus. 

Hypochondriasis  {Pathophobia)  and  Melancholia. — The  distinction 
between  hypochondriasis  and  melancholia  is  vital.  The  hypochondriac 
readily  appreciates  the  character  of  any  special  disease  from  which  he 
may  suffer,  but  he  has  a  most  exaggerated  conception  of  its  importance 
and  of  its  probable  results.  He  talks  much  of  his  symptoms,  and  un- 
ceasingly seeks  relief.  The  melancholic,  on  the  contrary,  [jossibly  suffers 
from  no  appreciable  disease ;  or  if  any  evident  structural  or  functional 
trouble  exists  aside  from  the  recognized  mental  perversion,  it  is  un- 
heeded. As  Maudsley  expresses  it,  "the  former  committing  a  murder 
would  certainly  be  hanged,  the  tatter  probably  not."  The  tendency 
of  the  melancholic  is  frequently  to  suicide— the  hypochondriac  clings  to 
life.  Intellectual  exertion  is  an  impossibility  for  the  melancholic;  the 
hypochondriac,  on  the  contrary,  may  lead  the  highest  intellectual  life. 

The  one  suffers  from  such  perverted  habits  of  thought  and  feeling 
that  the  strongest  and  most  natural  affections  may  cease  to  exist  \  the 
other  retains  all  the  normal  warmth  of  feeling  towards  friends  and  rela- 
tives. 

Melancholia  is  a  more  advanced  phase  of  mental  perversion,  and  to 
this  advanced  and  more  serious  condition  hypochondriasis  not  unfre- 
quently  progresses. 

There  are  reasons  for  believing  that  the  sympathetic  nervous  system 
is  largely  at  fault  in  cases  of  hypochondriasis ;  and  that  if  not  demon- 
strably diseased  it  is  yet  the  medium  through  which  disease  of  the  other 
parts  reacts  on  the  brain,  and  produces  molecular  or  other  disturbance. 

The  two  leading  ideas  that  we  here  desire  to  impress  are,  Jirst^  that 
hypocliondriasis  is  just  as  truly  a  disease,  or,  more  strictly  speakings  a 
symptom  of  disease,  as  dyspepsia,  insomnia,  chorea,  neuralgia,  paraly- 
sis, or  insanity,  and  should  be  treated  accordingly.  The  popular  method" 
of  neglecting  hypochondriacs  altogether^  or  of  administering //a<'<r^<»x,  is 
not  scientific,  and,  except  in  rare  cases,  is  not  successful.  Secondly y 
hypochondriasis,  when  not  dependent  on  serious  lesions  of  the  central 
nervous  system,  is  susceptible  of  relief  and  of  positive  cure  under  the 
skilful  and  faithful  use  of  electricity.  Still  further,  we  believe — and 
the  results  of  our  own  cases  justify  the  belief— that  cerebral  disease  of  a 
more  pronounced  character  itself  may  be  relieved  by  electricity ;  and 
:hat  that  terrible  form  of  hypochondriasis  which  is  the  precursor  ol 
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organic  cerebral  disease — the  vestibule  that  leads  to  the  dark  and 
gloomy  caverns  of  insanity — may  be  controlled  or  kept  at  bay  by  a  per- 
severing electrical  treatinenU     (See  chapter  on  Insanity.) 

Treatment. — In  hypochondriasis,  general  faradization,  central  gal- 
vanization, and  galvanleatron  of  the  cervical  sympathetic,  are  indicated. 
We  have  obtained  good  results  from  all  methods,  though  most  of  our 
cases  were  treated  by  the  first  and  second. 

Hypoikondriastj,  with  impairment  of  the  functi^ms  of  tftdal  tense — WealUnM 

memory—  Sensory  symptoms  in  the  extremities^  with  some  loss  of  motor  power ,  tht 
result  of  excessive  mental  activity,  and  dependent  in  part  on  slight  cerebral conges' 
Hon — Improvement  under  general  faraditation  and  central  gahtamsuitian— Re- 
lapse. 

Case  III.— Mr.  M.,  aa  actor  of  twenty  years'  standing,  was  placed  under  our  can 
by  Dr.  K.  L.  Harris  The  patient  was  a  temperate  man,  and  so  far  as  his  profession 
permitted,  regular  in  all  his  habits ;  but  the  character  of  his  engagements  had  rendered 
it  necessary  for  him  to  exercise  his  memory  through  a  series  of  years  to  an  unusual, 
and  as  the  sequel  proved  to  a  most  injurious,  extent.  Two  months  prior  he  began  to 
observe  that  his  intellectual  powers  were  failing  him.  His  memory  became  so  im* 
paired  and  his  thoughts  so  confused,  that  he  found  it  utterly  imjiossible  to  ♦'commit " 
anything  new,  or  to  recall  readily  certain  "pa4t5"  that  bad  been  long  perfectly 
familiar.  He  was  hypochondriacal  to  the  last  degree,  and  at  the  same  time  his  limU 
became  weak,  and  be  complained  of  sensory  symptoms  in  the  tips  of  the  fingers,  much 
Ibe  same  as  those  present  after  frostbite.  The  integrity  of  most  of  the  senses  was 
markedly  impaired.  Under  seances  of  general  faradization  and  central  galvanization 
(he  annoying  Mrosory  symptoms  disappcareil ;  be  gained  entire  masttery  over  histimbs, 
and  was  more  hopeful  and  happy  ;  his  strength  of  vision  became  nearly  normal,  and 
when  we  last  saw  him  there  had  been  sufhcient  improvement  in  his  intellectual  facul- 
ties to  enable  him  successfully  to  attempt  a  performance  on  the  stage.  We  learned 
that  durin^r  an  attempt  to  perform  on  a  subsequent  occasion  he  became  quite  unable 
to  pursue  his  part,  and  was  led  off  the  stage.  This  was  sufficient  to  show  that  re- 
covery was  not  complete ;  as  to  hiii  condition  after  thi>  we  are  uninformed. 

Pathophobia — Improvement  under  general  faradixatian  and  central  gahfanixation. 
Cask  IV. — A  very  favorable  result  was  obtaine*!  in  the  {>crson  of  a  young  man 
aged  75.  At  all  hours  of  the  day  he  was  annoyed  by  tinnitus  aurium,  and  what  to 
him  seemed  an  audible  voice  lelling  him  of  evil  to  come  We  submitted  him  to  gen- 
eral applications  of  a  powerful  faradic  current,  and  also  to  occasional  galvanization  of 
the  brain,  cord,  and  sympathetic.  Some  improvement  followed.  The  most  decided 
benefit  was,  however,  derived  from  the  method  of  galvano-faradizatiun.  The  faradic 
current,  full  strength,  from  a  Kidder  apparatus,  and  at  the  same  time  the  galvanic 
current  from  fifteen  cells  of  Ban>en's  battery  were  pa^^seJ  through  a.Md  aruunJ  the 
body  by  the  method  of  general  electrization.  Improvement  was  now  remarkably 
rapid.  In  the  course  of  half  a  dozen  applications  every  unplea'iant  symptom  disap- 
pearetl,  and  the  patient  has  since  remained  perfectly  free  from  any  evidence  of  their 
return. 


lidfaC  «d  AiM(i«ili«r  ad^  Ike  »> 
C  ■  tke  lofck  of  tbe««Mn^  «K  aqK«iad  for 
AhlM^  d«^  tW  III  nil  ■!  tw><vtftnedielici«ki|iMsoc- 
csred,  jct  o«  the  whole  tkc  MfVMOMBt  w  «**^  ■■d  atfirfMrtorr,  Md  u  tW 
doM  e4  the  "eetral"  tulail,  whm  Ae  i»  plMrf  catiwjy  mthe  p^e  of  D». 
Wmm  J.  Doaor  for  alcnae  dMkolty,  bcr  recoTer7  wm  oo^ikte. 

NemrasikanA,  •  ^  Nervtms  ExMatufifin.— The  deriv^on  of  the  term 
tuitrasih^nia  is  suffideDtly  obvious.  It  coraes  from  the  Greek  word 
¥€opa¥^  a  nenc ;  a,  privatirc ;  and  cB^foi,  fliength  ;  and  therefore,  bebg 
titerally  interpreted,  signt6es  want  of  strength  in  the  nerve.  Under  the 
name  of  general  debility,  it  is  a  condition  sufficiently  familiar  to  every 
practising  physician,  and  too  frequently  resists  most  obstinately  all  forms 
of  internal  medication.  It  is  not  to  be  confounded  with  anxmia» 
though  it  may  be  associated  with  it. 

The  one  principle  on  which  neurasthenia  is  to  be  treated  is   by  the 
concentration  of  all  possible  tonic  influence  on  the  nervous  system— 
«ir,  sunlight,  wa*er,  fjod,  rest,  diversion,  muscular  exercise,  and  the  in 
*  See  monograph  on  this  subject,  by  Dr.  Beard. 
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ccrnal  administration  of  djose  remedies,  such  as  strychnine,  phosphorus, 
arsenic,  etc,  which  directly  affect  the  central  nervous  system. 

EUctrUal  Treatment. — General  faradization  and  central  galvanization 
as  an  adjuvant  to  lelieve  more  directly  the  symptoms  of  insomnia,  head* 
ache,  etc.,  which  are  so  frequently  associated  with  neurasthenia  or  aftei 
general  faradization  has  'ailed. 

The  prognosis  is  usually  more  or  less  favorable.  In  nearly  all  case* 
of  uncomphcated  neurasthenia  general  faradization  alone  proves  deci- 
dedly and  sometimes  rapidly  efficacious.  Beneficial  results  from  eithei 
this  method  or  central  galvanization  are  so  uniform  in  this  condition 
that  we  have  reason  to  suspect  some  unrecognizable  organic  disease 
in  those  cases  that  give  no  evidence  of  improvement  after  protracted  treat- 
ment.  Even  the  complicated  forms,  that  arc  the  result  of  incurable  dis. 
ease,  may  be  much  relieved.  The  cases  that  fail  to  be  benefited  by 
electrical  treatment  are  those  of  lifelong  standing,  or  in  which  the  tero. 
perament  contraindicates  electrical  treatment. 


Neurasthenia  —  Debility  and  attaeks  of  siek  fuadofhe — Immediate  and  rapid  iim» 
provement  under  general  farad iuitiott — Rapid  increase  in  weight. 

Casic  VL — The  power  of  general  ^radizatioa  to  relieve  neurasthenia  and  to  cause 
increase  of  weight,  was  illustrated  in  a  very  pleasing  and  satisfactory  manner  in  the 
case  of  a  yoang  physician  whom  we  have  treated  during  the  autunui  of  1S69.  He 
was  aS  years  of  age,  and  for  a  long  time  he  had  Ijeen  subject  to  severe  and  repeated 
attacks  of  nervous  and  sick  headache.  To  use  his  own  exprcNsion,  he  had  been 
'*  living  on  a  lower  plane  than  was  normal."  Over- work  and  long  confinement  had 
reduced  him  to  a  condition  of  lerious  exhaustion,  and  when  he  called  upon  us  in 
September  he  could  not  walk  two  miles  withoul  fatigue.  Although  5  feet  9I  inches 
in  height,  he  weighed  but  112  pounds,  and  for  many  months  there  had  t,iecn  no  sign 
of  any  increase.  He  had  closely  studied  his  own  case,  had  been  thoroughly  examined, 
and  had  tried  nearly  every  form  of  internal  mcilication. 

Wc  began  treatment  by  a  mild  and  general  application  with  the  faradic  current. 
He  felt  temporarily  enlivened  and  exhilarated,  but  when  he  returned,  two  days  sub- 
teqoently,  he  stated  that  he  felt  no  specLiI  benefit,  although  he  had  gained  one-haJf 
a  pfiund  in  weight.  This  change,  slight  as  it  was,  encouraged  him,  for  it  had  l>ecn 
months,  and  years  even,  since  he  had  been  able  to  detect  any  increase  in  weight.  We 
may  say  here  that  he  watched  and  studied  hi^  symptoms,  and  carefully  ascertained 
his  weight,  from  day  to  day,  not  as  a  hypochondriac  at  all,  but  as  a  scientific  man, 
inspired  not  by  any  special  faith  in  the  remedy,  but  by  an  earnest  desire  to  test  for 
himself  the  tonic  effects  of  general  faradizatiun.  He  continued  to  increase  in  weight 
with  remarkable  regularity  and  uniformity,  and  at  the  end  of  three  weeks  he  .'ound 
that  he  hod  jicreased  nine  pounds.  When  we  last  saw  him  his  weight  was  124 
pounds.  The  improvement  in  hi&  general  condition  had  gone  on  hand  in  hand  with 
the  increase  in  weight.  His  appetite  was  keener  and  his  digestion  much  easier.  Hif 
a'rack*  of  headache  still  annoyed  him,  but  his  capacity  for  endurance  had  been  greatlj 
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enlarged.  Within  the  last  two  years  we  learned  from  the  patient  himself  that  hebal 
'UflTered  no  relapse. 

In  this  case  the  applications  were  made  very  thoroughly  all  over  the  person,  from 
the  top  of  the  head  to  the  feet,  and  with  a  powerful  current.  Both  the  faradic  an4 
galvanic  currents  were  used,  chiefly  the  faradic.  It  is  worthy  of  remark,  also,  that 
this  patient  always  experienced  a  reeling  of  temporary  enlivcnment  and  exhilaration 
after  each  applicatioo,  and  sometimes  the  headache  from  which  he  suffered  was  driven 
»way  in  the  midst  of  the  treatment. 

We  may  say,  also,  that  when  he  Brst  came  we  prescribed  oxide  of  zinc,  by  exetu* 
riou,  l)eca^^<  he  had  used  nearly  every  other  internal  tonic.  He  took,  however,  but 
two  or  three  doses  of  one  grain  each  for  the  first  day,  dropping  it  entirely  as  m>oo  ai 
ae  found  that  he  had  increased  half  a  pound  in  weight. 

The  above  case  we  regarded  as  pre-eminently  a  typical  one — a  typical 
illustration  of  neurasthenia,  and  of  the  benefit  that  may  be  received  from 
general  faradization. 

Ifturatthenia  in   a  plethoric  patient,  caused  by  excetsivt  application  to  tutitus*'" 

Slow  imprffvemtnt  under  galvanisation  of  the  cervical  sympathetic  and  genermk 
faraditation. 

Case  VII. — Mr,  A.  was  a  short,  stout,  and  remarkably  plethoric  man,  aged  6a 
Through  his  active  business  life  he  had  confined  himself  most  closely  to  his  duties, 
seldom  taking  a  day  for  recreation,  even  during  the  heat  of  summer.  Nineteen 
years  since  he  retired  from  business  with  greatly  impaired  health  and  strength.  It 
was  thought  that  perfect  freetlom  from  all  care  would  l>c  sufficient  to  restore  his  na- 
live  vigor  of  constitulion.  On  the  contrary-,  he  gained  but  tittle,  if  any.  His  general 
appearance  was  typical  of  perfect  health,  but  ordinary  exertion,  either  mental  or  ptiy* 
sical,  was  sure  to  produce  exhaustion-  ffis  pulse  mas  normal,  and  the  patient  msr 
plethoric  rather  than  anamic.  It  was  impossible  for  him  to  read  more  than  ten  or 
fifteen  minutes  without  becoming  restless  and  excessively  nervous,  and  exercise  io 
walking,  to  the  extent  of  a  dozen  blocks  or  so,  would  frequently  pnxluce  complete 
prostration.  His  sleep  at  night  was  broken,  and  sometimes  entirely  destroyed. 
There  was  not  the  slightest  evidence  of  organic  disease,  but  the  whole  nervous  sys- 
tem seemed  to  be  unstrung.  He  had  submitted  to  almost  every  method  of  tonic 
treatment,  both  mc<licinal  and  hygienic,  but  had  seldom  experienced  even  temporary 
relief.  We  felt  justified  in  encouraging  him  to  hope  for  favorable  results  from  treat- 
ment by  electrization.  With  admirable  perseverance  and  promptness  he  continued  to 
visit  us  for  two  months,  never,  in  a  single  instance,  failing  to  keep  an  appointment. 

At  first,  general  applications  with  the  faradic  current  were  given  every  other  day. 
At  each  sitting  he  seemed  much  invigorated,  and  for  several  hoiors  he  experienced  a 
d^ree  of  strength  and  lightness  of  spirit  such  as  he  liad  been  a  stranger  to  for  years. 

These  effects,  however,  seemed  but  temporary,  for  the  old  lassitude  invariably  r©» 
turned ;  consequently,  after  three  weeks  of  treatment  with  the  faradic,  we  resorted 
to  a  weak  galvanic  airrent. 

The  negative  pole  was  applied  to  the  epigastric  region,  and  the  positive  to  the 
back  of  the  neck,  near  the  seventh  cervical  vertebra  and  also  along  the  anterior  border 
•f  the  scalenus  amicus  muscle,  ia  order  to  offea  more  thoroughly  the  great  syn» 
jmtbetic  and  pneumoeostric. 
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Sponge  electrode*  were  used,  and  the  applications  were  prolonged  sufficienlly  ta 
prodace  an  intense  redness  and  an  acute  burning  sensation  under  tbent  By  thil 
«bethod  the  immediate  effects  were  not  so  marked  as  when  the  faradic  current  was 
ostd,  but  the  relief  afforded  was  more  permanent. 

Fur  the  first  time,  his  <ileep  became  more  quiet  and  sound,  and  during  the  day  foU 
lowing  an  application  he  was  able  to  exercise  both  mind  and  body  harder  and  longts 
than  usual.  He  now  submitted  to  treatment  by  galvanization  every  day.  Week 
by  week  he  gained  very  perceptibly  in  vigor,  until,  after  having  received  the^galvanic 
ctirrenl  some  twenty-five  times,  he  left  us  to  spend  the  summer  months  among  th« 
mountains.  He  did  not  discontinue  treatment  with  a  nervous  system  perfectly 
«trengthened,  but  he  had  regamcd  »pproximatcly  the  usual  portion  of  mental  and 
physical  endurance  enfoyed  by  persons  of  tiis  years.  Whereas,  before  treatment  by 
electrization,  be  was  not  able  to  walk  half  a  mite  without  fatigue,  nor  read  more  than 
ten  or  fifteen  minutes  without  sufTering  from  nervous  irritability,  after  treatment  h« 
enjoyed  and  derived  benefit  from  wa^lking  several  mile«  in  the  day,  and  could  confino 
himself  to  a  book  for  an  hoar  or  two  without  experiencing  any  symptoms  of  mental 
exhaustion. 

At  the  date  of  writing.  1874,  the  patient  enjoys  a  fair  d^ree  of  health,  and  daimf 
to  have  retained  all  the  benefit  he  derived  from  treatment. 


Ntwrasthtnia,  complicated  with  amrmia^  dyspapsia^  spinal  irritation,  and  kypockoH' 
driasii,  treated  by  general  faradiiotion  and  central  gahanisation — Improvement 
and  subsequent  relapse, 

Casi  Vni. — Mr.  £.,  a  tall,  spare  man,  aged  about  50,  was  sent  to  us  by  Dr.  Gurdoo 
Buck.  He  was  a  gentleman  of  wealth  and  leisure,  and  for  several  years  had  been 
•entirely  free  from  any  of  the  cares  of  active  business  life.  He  was  frequently  troubled 
with  indigestion  At  times  he  would  seem  to  regain  some  vigor,  and  would  exer- 
cise  to  a  considerable  extent  without  experiencing  inconvenience,  hut  as  a  rule  the 
most  ordinxry  mental  or  ph}-sical  exertion  was  followed  by  extreme  cxlinustioo. 
Pains  ill  the  lumbar  region  of  the  back  were  of  frequent  occurrence,  especially  after 
passing  a  &leeples&  night.  There  waf,  however,  no  spinal  tenderness.  He  was  a  good 
Uu-oroeter— an  east  wind  would  almost  drive  him  to  despair,  and  so  long  as  it  lasted 
he  could  hardly  muster  strength  or  inclination  to  leave  his  oiuch.  As  soon  as  the 
wind  changed  and  the  sun  appeared,  be  observed  an  immediate  amelioration  of  his 
dreadfully  depressed  condition. 

Our  patient  experienced  the  exhilaration  that  so  frequently  follows  a  general  ap* 
fiUcation  of  the  faradic  current. 

Although  at  first  this  invigoration  was  of  bat  temporary  duration,  the  effects  of  the 
treatment  were  gradually  prolonged  after  each  sitting,  until,  in  a  much  shorter  tim« 
than  is  usually  the  case  in  conditions  such  as  the  one  under  consideration,  the  patient 
enjoyed  a  go<xl  degree  of  health. 

During  damp,  enervating  days  especially,  central  galvanization  prevented  exhaus* 
tion  far  more  successfully  than  faradization.  The  patient  retained  the  nervous  vigoc 
that  he  bad  gained  for  many  months ;  subsequently,  however,  he  relapsed,  and  again 
placed  himself  under  our  care.  He  was  decidedly  benefited  by  this  second  course  of 
treatment,  but  not  to  the  same  extent  as  H  first.  When  last  seen  he  had  retained  a 
r  of  improvement,  but  was  extraordinarily  susceptible  to  atmospheric  changes 
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AVrtvMT  txhaustion  of  long  standing,  associated  with  severe  neuralgia.  Slight  r» 
lief  Jut  itig  two  months  of  general  ftradizatian — After-effects  of  the  treatmeni, 
manifested  by  rapid  improvement  in  alt  her  symptoms.     (See  p.  294.) 

Case  IX. — Mrs.  B.,  a  young  married  lady.  haJ  for  a  long  time  suffered  mo%t  in- 
tensely from  pains  of  a  neuraljjic  character,  The  hetid  wastlie  seat  of  greatest  suffer* 
(ng,  although  the  distress  extended  with  more  or  less  severity  to  every  part  of  the  body. 

Her  strength  was  much  reduced,  so  that  &he  was  unequal  to  the  slightest  exertion 
beyond  *a  few  ordinary  houiehuld  duties  and  an  occasional  walk  in  the  street  of  one  o* 
two  lilucks.  Not  the  slightest  evidence  of  organic  disease  could  be  discovered  by  hes 
physician,  Dr.  George  A.  Peters,  who,  having  seemingly  exhausted  the  resources  of 
medicine,  requested  us  lo  try  the  efficacy  of  some  method  of  electrixation. 

As  the  extreme  debility  was  evidently  the  proximate  cause  of  the  neuralgia,  vre 
lecided  upon  general  faradization  as  the  proper  method  of  treatment,  and  accordingly 
submitted  her  to  a  very  gentle  application.  She  was  one  of  those  patients  frequently 
encountered,  who  are  so  susceptible  to  the  current  that  it  was  our  aim  to  give  of  tlie 
electrical  influence  the  minimum  that  could  be  actually  felt  by  the  patient,  rather 
than  the  maximum  that  it  was  possible  for  her  lo  bear  without  decided  discomfort. 

During  the  months  of  October  and  November,  1870,  we  gave  thirty-six  applications,, 
which  somewliat  Icsj^ned  the  severity  and  frequency  of  the  pain,  without  appreciably 
improvuig  her  strength.  We  proposed  to  her  physician,  therefore,  to  discontinue  oui 
tflbrts  for  a  while,  hoping  that  the  favorable  after-effects  of  electrization,  that  are 
to  often  seen,  would  show  themselves  in  this  case.  We  were  not  disapp>ointed. 
The  patient  soon  began  to  amend,  until  the  improvement  was  most  marked,  botb 
in  the  almost  complete  cessation  of  the  neuralgia  and  in  an  approximate  retura  of 
normal  strength. 


Spinal  Irritation, — Spinal  irritation  is  one  of  those  names  which,  like 
hysteria,  have  become  the  recognized  property  of  the  profession,  against 
the  actual  or  implied  protest  of  nearly  ail  who  employ  iL  It  is  a  part 
of  the  hysterical  constitution. 

The  term  spinal  irritation,  originally  proposed  by  T>t,  Brown,  of  Glas- 
gow, and  described  and  illustrated  in  detail  by  G.  T.  P.  Teale,  in  1829, 
and  the  Griffin  Brothers  in  1844,  is  now  pretty  generally  understood,  in 
England  and  America  at  least,  to  express  a  tolerably  well-defined 
morbid  condition,  of  which  one  of  the  principal  symptoms  is  spinal 
tenderness. 

Differential  Diagnosis. — Spinal  irritation  almost  always  forms  a  part 
c*"  hysteria  and  neurasthenia,  constituting,  as  it  were,  a  subdivision  or 
accomi>aniinent  of  them,  and  is  only  entitled  to  the  honor  of  distinct 
nomenclature  by  itself  when  the  spinal  tenderness  and  the  symptoms  thai 
directly  flow  from  it  overshadow  other  accompanying  conditions.  Close 
examination  would  reveal  that  very  many  of  the  cases  in  practice  thai 
are  variously  classified  under  hysteria,  ansemia,  etc.,  have  a  sufficiently 
marked  tenderness  of  the  vertebrae  to  be  regarded  as  examples  of  spinal 
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nritauoii ;  and  if  treated  accordingly,  would  recover  more  rapidly  Lhac 
under  the  methods  usually  employed.  The  best  confirmation  of  the 
diagnosis  is  the  very  favorable  result  of  judicious  and  varied  treatment 
devoted  specially  to  the  tender  spots  on  the  spine. 

Between  spinal  irritation  and  spinal  meningitis  or  congestion  the  dis. 
tinction  is  oftentimes  purely  one  oi  permanence  and  degree.  In  both 
conditions  there  may  be  pain  and  heat  in  the  spine,  neuralgia  or 
paralysis  of  the  limbs,  plantar  heat  and  anaesthesia,  constipation,  feeling 
of  pressure  or  constriction  in  the  chest,  and  stiffness  of  the  neck,  etc. 
It  is  distinguished  from  myelitis  by  the  absence  of  other  necessary 
symptoms.  The  contractions  of  muscles  in  spinal  irritation  are  less 
painful  than  those  of  myelitis* 

Pathology. — In  spinal  irritation,  as  in  cerebral  irritation,  it  is 
probable  that  there  may  be  either  anaemia  or  hyperiemia.  That  many 
of  the  cases  of  spinal  irritation  depend  on  passive  hypersemia  of  the 
cord,  is  rendered  probable. 

1.  By  the  feeling  of  heat  and  burning  at  the  seat  of  the  irritation. 

2.  By  the  fact  that  this  pain  is  increased  at  night,  when  the  patient 
is  in  a  recumbent  position. 

3.  By  the  fact  that  it  is  relieved  by  measures  that  relieve  congestion, 
as  dry  and  wet  cupping,  and  by  blisters  over  the  lender  vertebrae. 

On  the  other  hand,  reasoning  from  analogy  and  from  what  we  know 
of  the  relation  of  the  sympathetic,  it  is  proper  to  assume  that  anxraia  may 
account  for  many  of  the  phenomena  of  spinal  as  of  cerebral  irritation. 
This  assumption  is  strengthened  by  the  fact  that  very  many  of  the  pa- 
tients who  have  spinal  irritation  are  more  or  less  anaemia  And  yet, 
reasoning  from  the  history  of  the  cases,  and  from  the  results  of  treat- 
ment, we  arc  inclined  to  the  opinion  that  anasmia  exists  only  in  a 
minority  of  the  cases  of  spinal  irritation  j  that  in  the  majority  of  instan- 
ces there  is  more  or  less  at  least  temporary  passive  congestion  of  the 
cord  and  of  its  membrane  j  and  that  in  all  cases  of  doubt  it  is  safe  to 
issume  the  existence  of  hypersemia,  and  to  guide  the  treatment  accord- 
ingly. 

It  is  not  necessary  to  assume  that  this  hyperaemia  of  the  cord  is  a 
constant  condition.  Except  in  the  severe  and  long-standing  cases,  it 
is  probably  not  so,  but  is  more  or  less  evanescent,  temporary  and  me- 
tastatic This  may  distinguish  it  from  spinal  congestion,  which  is  a  fixed 
condition.  Temporary  congestion  of  tlie  cord,  as  of  the  brain,  the  geni- 
tals, the  eye  and  the  ear,  may  perhaps  be  easily  excited  by  irritating 
causes.  It  is  not  unreasonable  to  suppose  that  anaemia  and  hyperjemi* 
may  alternate  in  the  patient,  and  in  the  same  day  or  hour. 
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week  to  week  the  tenderness  became  less  marked,  until  the  vertcbne  vrere  no  longer 
rainful  under  moderate  pressure,  and  a  much  more  powerful  current  could  be  bom« 
with  ease.     Agreeable  temporary  relief  followed  each  application — an  obserrntioa 
which  we  have  frequently  mode  in  spinal  irritation. 
At  the  end  of  two  months  the  patient  was  dismissed  very  much  benefited. 

Hyptrastfusia  of  tfu  cervital  and  upper  lumbar  ttertebra  caused  by  txposvrt  to  tkt 
sun — Great  lUsceptihility  to  electricity — Improvement  under  general  and  healited 
faradiaatiort  and  gatvanitatioti. 

Cask  XI. — Rev.  Mr.  F.,  aged  30,  was  referred  to  our  care,  March  9,  186S,  by 
Dr.  Gurdon  Buck.  For  several  months  before  he  had  been  complaining  <»f  pain  and 
heaviness  in  the  back  of  the  neck,  that  had  compelled  him  to  resign  his  pastoral 
charge  and  abstain  from  all  sustained  mental  exertion.  The  symptoms  dated  from 
ao  exposure  to  the  sun  on  a  very  hot  day.  The  patient  was  large,  talU  well-formed, 
and  apparently  very  robust.  All  the  functions  seemed  to  be  tolerably  well  perform* 
ed  ;  but  su^ained  mental  exertion  was  alaiost  impossible.  He  hxul  beeo  treated  faith* 
fully  by  counter-irritation,  b  the  shape  of  wet  cupping,  and  had  derived  positive  benefit 
therefrom. 

Electric  examination  indicated  some  tenderness  on  the  upper  cervical  vertebne, 
and  also  in  the  upper  lumbar ;  but  this  tenderness  was  not  excessive,  nmd  a  current 
of  fair  strength,  so  far  as  the  vertebrae  were  concerned,  could  be  readily  borne  with« 
out  discomfort ;  nor  were  the  vertebrae  so  painful  as  they  sometimes  are  found. 

But  in  one  respect  his  behavior  under  the  electric  examination  was  peculiar.  The 
sensation  produced  by  a  mild  galvanic  current  over  the  upper  cervical  vei  tebr«  was 
painfully  felt  in  the  forehead,  indicating  a  morbid  irritability  of  the  central  nervous 
system,  since  in  health  such  a  phenomenon  does  not  appear.  That  this  mo'bid  irri- 
tability was  in  some  way  related  to  the  sympathetic,  or  that,  at  least,  the  sympathe> 
tic  was  the  medium  through  which  it  was  manifested,  was  rendered  probable  by  the 
fact  that  mild  faradisation  or  galvanization  of  the  affected  part  caused  a  very  pro* 
loae  perspiration  on  the  hands  and  feet.  This  same  efTect  we  have  also  observed  in 
a  case  of  hysteria. 

Strong  OS  the  patient  appeared  to  be.  It  was  necessary  to  treat  him  with  mild  cur* 
rents  and  short  applications.  By  turns  and  in  succession  we  tried  the  various  methods 
of  electrlicalioo,  with  both  the  faradic  and  galvanic  currents,  and  with  important 
though  not  brilliant  results. 

After  a  treatment  extending  by  Intervals  through  three  months,  the  patient  left  for 
a  visit  in  England,  where  he  renmned  nearly  a  year,  still  slowly  improving. 

Great  susceptibilit)-  to  electricity,  as  in  the  above  case,  is  frequently 
observed  aiter  sunstroke. 


d  ekronie  condition  of  irrigation  and  hyperastkeria  of  the  spinal  cord  greatly  bene- 
fited by  general  faradiiatioH,  in  conjunction  with  galvanimttion  of  the  sympath*- 
tie  and  spine. 

Case  XII.— A  young  lady,  daughter  of  a  physician,  who  had  suflfered  for  many 
months  from  symptoms  Ijoth  of  congestion  and  irritation  of  the  »pinal  conl,  was 
pla(xd  under  our  care  by  the  advice  of  the  late  Dr   H.  D.  Bulkley.     Tenderness  wai 
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tnanifest  over  the  oervi  .-al -dorsal  and  tuiubar  regions.  The  patier<t  complainod  oi 
shortness  of  breath,  numbness  »nd  tingling  in  the  hands  and  feel,  cough,  nausea,  witl 
neuralgic  pains  around  the  loins  and  in  the  extremities.  A  very  decided  lo»  of  j 
power  was  manifest  in  the  lower  limbs,  so  that  it  was  impossible  to  take  more  tluo;' 
a  few  turns  around  the  room  without  fatigue.  Under  the  tonic  influence  of  twenty 
gcner.1.1  applications  of  the  faradic  current,  the  patient  very  decidedly  improvcd. 
The  tenderness  along  the  spine  decreased,  and  In  the  cervical  region  disappeared  alto- 
gether. 

The  shortness  of  breath,  the  numbness  and  tingling,  together  with  the  neuralgic 
pains,  l^ecame  less  marked,  while  the  strength  so  far  improved  that  she  was  able  dail» 
to  take  short  walks  of  several  blocks,  and  to  ascend  the  stairs  with  comparative  coto 
fort. 

We  now  r^rted  to  the  galvanization  of  the  sympathetic  and  the  spine — ipiiial- 
.  cord  current— which  were  followed  by  an  improvement  more  marked  than  it  wa»^ 
possible  to  obtain  from  the  faradic  current  alone. 

The  above  patient  subsequently  relapsed  after  a  severe  fall  and  wa» 
again  treated  with  great  perseverance  and  even  better  results,  so  that 
she  is  now  in  perfect  health,  and  is  indeed  unusually  vigorous.  The 
case  illustrates  the  record  that  may  follow  great  perseverance  in  eleo 
trical  treatment. 

A  tondithn  of  tingling,  pricking,  and  a  disposiiion  to  paralysis  of  tki  Itgs,  dtpen- 
dent  on  irritation  and  hypcra:mia  of  the  cord,  decidedly  rttifvedby  galvaniaation 
of  the  sympathetic  and  general  faradtMUtion. 

Case  Xlil.  — Mrs.  W,,  aged  44,  whose  physician,  Dr.  H.  Gregory,  advised  treat* 
«nent  by  clectrixaiion,  was  suffering  irom  pricking  sensations  in  the  arms,  and  from 
tingling  and  numbness  of  the  lower  limbs  and  feet.  In  the  legs,  also,  there  was  a 
decided  *^  disposition  "  to  paralysis,  as  manifested  by  a  feeling  of  weight  in  the  effort 
of  walking. 

Pressure  along  the  spine  disclosed  a  tender  point,  at  about  the  third  dorsal  and 
second  lumbar  vertcbric  These  conditions  of  tenderness,  tingling,  and  weight  in  the 
lower  hmbs  seemed  to  indicate  not  only  an  irritation,  but  also  a  hypertemia  of  the 
tpinal  cord,  Galvanisation  of  the  sympathetic  and  mild  general  applications  of  the 
faradic  current  were  followed  by  a  marked  amelioration  of  these  symptoms. 

The  limbs  esiwcialiy  progressed  rapidly,  and  after  eight  npplicattons  became  quite 
strong,  and  were  quite  relieved  of  the  anje^ithesia.  Some  tenderness  along  the  course 
of  the  spine  still  remained,  with  occasional  tingling  in  the  extremities,  but  not  suffi- 
cient  to  occasion  the  same  annoyance  as  before. 

Spinal  irritation  of  several  yet^s  standing — Recovery  under  spinal  galvaniutti^n 
a  ud  general  faraduMtion. 

Case  XIV. — Miss  C,  a  patient  of  Dr.  Gregory,  was  referred  to  us  with  evidences 
of  irritation  the  whole  lenglli  of  tbc  cord.  UnJcr  six  weeks  of  treatment  liy  spinal 
gilvainzation  and  general  faradization  the  patient  markedly  improved  in  all  lief 
symptoms. 
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The  tender  points  %long  the  spine  mostly  disappeared,  and  *fter  the  cessation  of 
4reatment  she  continued  to  improve  until  recovery  was  approximately  complete. 
The  symptoms  were  of  sereral  yeartt*  standing. 

Spina/  irri/atMfm  of  tW0  ytarf  standing — Recovery  under  spinal  gahfOKitation. 

C/VSE  XV. — Miss  S  ,  an  inmate  of  the  New  York  State  Woman's  Hospital,  wai 
affecteJ,  in  addition  to  aterine  disease,  with  severe  and  per^stent  spinal  irritation  of 
over  two  years'  standing 

Spinal  galvanization  repeated  a  dozen  times  during  the  course  of  a  month  effcctu* 
Ally  overcame  the  exoesare  irritation  of  the  cord,  and  resulted  in  greatly  increased 
strength. 

Insomnia. — Insomnia  is  a  symptom  which,  with  greater  or  less  uni- 
formity and  severity,  accompanies  nearly  all  forms  of  disease. 

It  is  a  symptom  of  such  an  indefinite  variety  and  complexity  of  pa- 
thological  conditions  that  it  is  manifestly  impossible  to  treat  it  with 
anything  like  uniform  success  by  any  one  conceivable  form  of  medica- 
tion ;  but  of  all  the  remedies  that  have  yet  been  tried  there  is,  we  be- 
lieve, no  one  which  permanently  relieves  the  symptoms  in  so  large  a 
proportion  of  cases  as  electrization.  The  effects  of  electricity  on  the 
sleep,  whether  used  in  the  form  of  general  faradization,  or  galvanization 
of  the  head  and  cervical  sympathetic,  are  both  temporary  and  perma- 
nent The  temporary  relief  that  appears  the  night  or  two  following  an 
application,  though  usually  far  less  potent  than  those  of  bromide  of 
potassium  and  hydrate  of  chloral,  are  yet  very  decided  ;  but  it  is  for  the 
permanent  relief  that  electrization  is  chiefly  indicated  in  this  symptom. 
This  comes  gradually,  slowly,  and  as  a  result  of  the  improvement  of  the 
morbid  condition  on  which  the  insotunia  depends. 

A«  has  been  stated,  improvement  in  sleep  is  one  of  the  earliest  ef- 
fects for  which  we  look  during  a  course  of  treatment  by  general  electri- 
zation. In  a  wide  range  of  diseases  sleep,  to  a  certain  extent  and  with 
exceptions,  may  be  regarded  as  a  thermometer  of  health.  When  all 
other  bodily  functions  are  well  performed,  the  sleep  is  usually  sound, 
Cfdra,  and  refreshing ;  when  it  becomes  painfully  and  persistently  di* 
turbed  by  dreams,  or  is  long  absent,  we  may  suspect  actual  or  approach- 
ing disease. 

Tempoiary  loss  of  sleep,  that  comes  from  temporary  anxiety  or  froir 
ncvralgia  or  otlier  pain,  is  usually  relieved  with  the  removal  of  the 
cause,  and  only  demands  special  medical  treatment  when  it  is  long  con 
tinued. 

The  treatment  of  insomnia  is  really  the  treatment  of  all  the  diseases 
on  which  it  depends.  For  those  cases  where  simple  wakefulness  exists, 
tm accompanied  by  any   other  symptom  of  recognizable  disease,   we 
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naay  use  either  galvanization  of  the  sympathetic  or  in  the  head,  or  fail 
dizalion  of  the  head  and  spine,  or,  better  than  all,  general  faradisation, 
for  somnolence  is  a  result  of  all  these  methods  of  electrization,  it  is 
not  even  necessary  to  make  the  applications  to  the  head,  the  sympathe- 
tic, or  even  to  the  spine,  in  order  to  produce  sleep.  Simple  peripheral 
galvanization  or  faradization  will  produce  this  result,  and  in  some  cases 
to  a  very  marked  degree.  This  must,  we  suppose,  be  explained  by 
reflex  action.  In  case  of  rheumatism  of  the  hip-joint,  which  we  once 
treated  by  galvanization  through  the  joint,  the  soporific  effect  on  the 
patient  was  so  marked  that  he  fell  into  a  profound  slumber  before  we 
lad  time  to  leave  the  house,  in  less  than  ten  minutes  after  the  ap- 
plication was  over.  In  another  case  of  infantile  paralysis  the  raothet 
reported  that  the  child  slept  soundly  for  two  hours  or  more  after  each 
sitting,  although  only  the  limbs  were  galvanized. 

Ptrsisttnt  insomnia  after  cAild-birtA — An  application  of  tht  faradie  fttrremt  ft  tht 
head  and  spine  is  foilowed  by  sleep  of  several  hours. 

CaSB  XVI. —  Mrs.  A,,  aged  30.  of  a  highly  nervous  organization,  gave  birth  to 
her  first  child  after  a  labor  of  16  hours.  So  great  was  the  disorder  of  her  nervona 
systeni,  that  for  5  days  and  nights  she  was  unable  to  close  her  eyes  in  sleep.  Her  con- 
dition was  most  distressiiij^,  anJ  resisted  all  ctTorts  in  the  way  of  mcdicatton. 

It  was  agreed  that  a  mitd  application!  of  the  faradic  current  should  be  applied  to 
the  head  and  down  the  spine.  The  result  was  most  decided  and  gratifying,  since  a 
fleep  of  several  hours,  deep  and  refreshing,  immediately  followed.  It  is  proper  to 
wy  that  subsequent  applications  did  not  have  the  same  decided  effect,  although  they 
evidently  strengthened  the  nervous  system  of  the  patient  and  greatly  aided  ia  dissi- 
pating the  condition  of  insomnia. 

Insomnia  of  months  standing  immediately  relieved  by  gemral  faradisation, 

Cass  XVIL — Mrs.  C,  a  young  married  lady,  was  directed  to  us  by  Dr.  J.  ManoD 
Sims,  who  was  treating  her  for  uterine  difficulty.  She  was  suffering  acutely  from  in- 
somnia, ajid  it  was  hope<l  that  some  form  of  electrization  might  prove  beneficial, 
more  especially  since  she  bad  previously  l>een  relieved  by  the  application  of  electriaty^ 
although  its  administration  had  been  without  method.  We  subjected  her  to  the  most 
thorough  form  of  general  faradization,  directing  especial  attention,  however,  to  the 
bead  and  neck.  The  applications  were  admini?»tered  on  five  successive  days,  and  during 
each  of  the  following  nights  the  patient  enjoyed  uninterrupted  and  refireshing  sleep. 
As  to  the  permanency  of  the  effects  we  are  not  informed. 

Insomnia  of  several  months  duratitm  relieved  under  treatment  tf  general  fara^ 
tation  and  galvanization  of  the  brain. 

Case  XVIIL— Mr.  J.  D.,  a£ed65,  was  referred  to  us  by  the  late  Dr.  J.  C.  Not* 
lor  the  relief  of  insomnia  of  such  an  obstinate  character  as  to  threaten  serious  conse 
quences.  He  had  sufferetl  a  few  months  previously  from  a  severe  attack  of  congestive 
chills.      Front  the  effects  of  these  he  had  approximately  recovered.     His  strength  aiut 
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Appetite  were  fair,  but  as  it  was  sometimes  impossible  for  him  to  sleep  more  tluui  nn 
hour  or  two  during  the  whole  night,  he  was  fast  merging  into  a  nervous,  excitable  con* 
dition.  The  patient  was  treated  by  both  general  faradization  and  galvaniwition  of  tht 
lyain.  He  very  gradually  improved,  and  u  the  end  of  a  month's  treatment  be  w«« 
enjoying  live  and  six  hours'  continuous  sleep  every  night. 

/fuomnia  following  munstrmation — Central  faradiaation  affords  immediate  relit/. 

Case  XVJIIa.— Mrs.  B.,  a^jed  40,  suffered  an  unusual  loss  of  blood  at  each  men* 
trual  period,  which  was  followed  by  obstinate  insomnia  during  the  succeeding  two 
weeks.  General  faradization  was  essayed  for  the  relief  of  the  sleeplessness,  and  wai 
entirely  successful.  Three  or  four  applications  after  each  period  was  suflBcient  to 
promote  cairn  repose  until  tb«  next  flow. 

Astraphobia  (aarpaTjfi  lightning  and  i^m^oi  fear  of). — Some  individ- 
uals, especially  those  of  peculiarly  impressible  organiiadons,  are  not 
only  unpleasantly  but  seriously  affected  during  thunder-storms  that 
are  attended  by  vivid  dashes  of  lightning.  They  suffer  not  only  dis< 
tressing  fear,  but  positive  pain  in  the  head  or  stomach,  that  leaves  them 
in  a  condition  of  exhaustion  that  may  last  several  hours,  or  even  two 
or  three  days. 

A  medical  friend  informed  us  of  a  patient  under  his  care,  who  during 
thunder-storms  was  attacked  by  severe  nausea,  and  by  convulsive  at- 
tacks resembling  epilepsy.  Under  treatment  directed  to  the  improve- 
ment of  her  general  system  she  greatly  improved.  In  some  cases  diar- 
rhcea  is  excited. 

These  symptoms,  though  most  frequent  with  nervous  people,  and  es 
pecially  witli  women,  may  also  appear  in  those  who  are  otherwise  strong 
both  in  health  and  in  will  power. 

In  two  cases  of  astrapliobia  of  long  standing  we  found  much  diminu- 
tion of  volitional  contractilily  and  considerable  anaesthesia,  but  no  loss 
of  electric  muscular  contractility. 

Treatment  by  the  electric  brush  and  central  galvanization  afforded 
much  although  not  absolute  relief. 
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b  rteries,  of  incorrect  ideas  on  the  differential  actijn  of  the  currents, 
at  d  the  general  action  of  electricity  on  the  body,  and  deficient  lechni- 
<»<  skill  in  the  details  of  the  applications. 

For  those  who  are  beginning  to  use  electricity,  or  are  contemplating 
its  use  in  the  asylums  for  the  insane,  these  general  suggestions  may  be 
of  service  :  i.  Let  it  be  reracjnbered  always  that  electricily,  in  any  form 
— Franklinic,  Galvanic,  or  Faradic — when  applied  to  the  body,  acts  as 
a  stimulating  tonic  with  a  pcnuerful  sedativt  infitume.  It  is  an  agent 
ioT  improving  nutrition  in  any  condition,  local  or  general,  where  im- 
provement in  nutrition  is  required.  It  is  to  be  used  for  the  insane  just 
as  bromide  of  potassium,  quinine,  strychnine,  and  iron  are  used. 

The  order  and  degree  of  its  effects  depend  largely  on  the  method  and 
tiianncr  of  application,  and  on  the  constitution  and  disease  of  the  patient 
to  which  the  application  is  made. 

2.  That  ID  insanity  the  brain  is  not  the  only  part  of  the  body  affected. 
Excluding  those  cases  of  insanity  produced  by  reflex  action  from  the 
•digestive  and  pelvic  organs,  there  are  very  many  cases  where  the  spinal 
cord  and  other  parts  of  the  central  and  peripheral  nervous  system  suffer 
as  an  effect  of  the  disease  of  the  brain. 

While  these  remarks  may  seem  but  commonplace  to  experienced 
psychologists,  and  while  the  fact  of  the  relation  of  diseases  of  the  brain 
to  diseases  of  other  parts  of  the  body  is  continually  recognized,  when 
other  remedies  are  employed,  still,  in  the  ipplication  of  electricity,  some 
•experimenters  have  acted  on  the  theory  that  the  brain  alone  should  be 
ireaied.  Those  who  act  exclusively  on  this  theory  will  not  gain  great 
victories  over  insanity  by  electricity.  Some  of  the  applications  should 
be  made  in  such  a  way  as  to  bring  the  whole  central  nervous  system 
under  the  influence  of  the  current,  and  local  diseases  associated  with 
insanity  as  a  cause  or  effect  should  receive  local  treatment. 

The  central  nervous  system  is  best  brought  under  the  direct  influence 
of  the  galvanic  current  by  the  method  of  central  galvanization.  The 
method  may  be  varied  by  galvanization  of  the  brain,  cervical  sympa- 
thetic, pneumogastric  and  spine  ;  but  the  method  of  central  galvaniza- 
tion is  easier,  safer,  and  more  effective.  In  cases  associated  with 
debility,  and  especially  in  those  forms  of  insanity  dependent  on  neu- 
rasthenia or  nervous  exhaustion,  general  faradization  answers  a  good 
purpose,  and  may  with  great  advantage  be  used  alternately  with  central 
galvanization  or  localized  galvanization  of  the  nerve  centres. 

3.  The  first  tentative  applications  should  be  very  mild,  and  the 
strength  of  the  current  and  the  time  of  sitting  should  be  gradually  in- 
creased as  the  patient  proves  himself  able  to  bear  the  treatment. 
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fltnttal  galvanization  aeeinrdl  to  be  sufficient  to  sccompU&h  toore  tluui  is  related  in  thr 
above  decription,  and  finally  it  failed  to  give  marked  relief.  The  patient  was  takcv 
by  her  friends  to  an  asylum  and  passed  firotn  nnder  our  observation. 


VtHiipause  insanity  in  a  married  lady — Great  metanehofy  ;  constant  vtteping  ;  at 

tempts  to  commit  suicide  ;  attempts  at  ttarvation  ;  lost  of  jUsk  ;  attacks  of  nuw^ 
ntss ;  heaving,  tearing,  grasping^  iinding  sensatton  in  stomach  and  aMamtn , 
umlateral  sweating  ;  hysterical  attacks  of  crying^  l^iughtngf  and  unusual  susceff 
tibilUy  to  electricity — Gradnal  and  steady  recovery  under  central  galvanization  of 
tk£  eertricol  sympathetic^  comhined  with  cad-liver  ail  emulsion. 

Case  XX.— Mr*.  S.,  a  miirried  lady  of  middle  life,  was  referred  to  us,  Octobet 
19,  1871. 

The  patient  was  pretty  evidently  suffierlng  from  menopauiK  mania,  of  several 
months'  standing,  and  evinced  no  dispoation  to  recover.  She  attributed  all  her 
i^roptoms  to  the  ose  of  the  vagina]  syringe,  but  there  was  no  evidence  of  this,  and  the 
«ase  was  [vetty  clearly  one  of  mania  dependent  on  the  b^inning  of  the  change  of  life. 

The  patient  would  never  sit  down  :  all  day  long  she  walked  and  walked  the  door  of 
the  house,  wmetimes  standing  still  a  moment  to  look  out  of  the  window  or  convene 
•or  to  look  vacantly  into  space  ;  but  never  would  nt  for  a  moment  or  even  lie  down 
on  a  lounge ;  at  ni^ht  only  would  she  go  to  bed. 

She  would  weep  for  hours  together,  and  when  not  weeping  was  heavily  depressed. 
Her  ruling  desire  was  to  commit  suicide,  and  most  resolutely  «he  tried  to  starve  hentelf 
to  death,  but  failed  in  the  attempt  for  the  reason  that  shcojuld  not  resist  the  tempts* 
tioa  to  take  a  bile  now  and  then,  although  she  did  not  partake  of  a  rq^lor  meal  for 
several  weeks.  She  was  naturally  very  fleshy,  and  had  lost  hfty  poui<ds  in  weight.  She 
tried  to  get  hold  of  the  batteries  that  were  left  at  her  bouse  in  order  to  drink  the  acid 
solution,  and  her  husband  was  obliged  to  take  away  the  bottles  after  each  applica- 
tion. The  patient  had  besides  many  vague,  nervous  symptoms,  such  as  uumlmess  and 
tearing,  rolling,  heaving,  burning,  binding  sensations  in  the  stomach  and  abdomen. 
Attacks  of  unilateral  swelling  on  the  left  side  came  on  at  times,  and  the  leftside  in  all 
respects  was  weaker  than  the  right. 

We  suspected  that  all  the  symptoms  might  be  more  or  less  reflex  from  the  uterus, 
but  the  patient  would  not  yield  to  oar  suggestion  that  some  gyiuecologist  be  called  in 
to  make  an  examination. 

There  was  tenderness  over  the  ovarian  region,  especially  on  the  left  side,  and  also 
tenderness  on  the  dorsal  and  lumbar  vertebrae,  and  at  times  along  the  entire  length  of 
the  spine. 

It  seemed  probable  that  the  patient  would  have  to  be  sent  to  an  asylum,  but  as  het 
imiband  was  so  situated  that  he  could  give  her  close  attention,  we  decided  to  first  ex- 
haun  treatment  by  electricity  and  mtemal  medication. 

We  used  central  galvanization  varied  by  galvanization  of  the  cervical  sympathetic 
ftnd  spine,  and  prescribed  for  internal  use  the  cod-liver  oil  emulsion.  She  was  found 
to  lie  very  susceptible  to  electricity  :  only  gentle  currents  and  short  applications  were 
borne,  and  when  thus  used  the  sedative  eifect  was  excellent  \  but  when  carried  be 
yond  a  certain  pobt  irritation  rather  than  sedation  followed.  The  applications  were 
made  on  the  average  about  three  times  a  week,  for  four  months,  with  at  first  slow  and 
alaoit  imperceptible,  and  afterwards  with  rapid  improvement,  and  with  vUimate  and 
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permanent  recovery.  A  year  and  more  after  the  treatment  was  abandoned,  the  putioti 
bad  futly  regained  and  still  retaloi  all  her  flesh,  health  and  tpiiiti. 

The  above  case  seems  to  us  to  illustrate  the  following  points : 

1.  The  well  known  fact  of  the  curability  of  menopause  insanity,  even 
when  the  symptoms  are  of  the  worst  character.  In  the  case  of  Mrs,  S,  all 
the  symptojns  were  bad  symptoms.  At  times  her  maniacal  attacks  were 
so  violent  as  to  be  absolutely  alarmingj  and  twice  at  least  we  had  reason 
to  be  considerably  terrified. 

2.  The  advantage  of  combining  medical  treatment  with  various 
methods  of  electrization.  Although  the  patient  herself  and  her  husband 
attributed  the  result  to  the  electrical  treatment  alone,  yet  in  our  own 
judgment  the  credit  should  be  divided  between  the  medical  and  the 
electrical  treatment^  and  the  element  of  time  should  also  be  considered. 
The  patience  and  perseverance  of  the  husband  and  his  constant  atten- 

•  tion  should  be  considered- 

3.  The  fact  that  electricity,  cautiously  used,  may  be  of  great  service 
even  when  it  is  not  weU  borne.  Mrs.  S*  never  could  endure  a  long 
or  strong  application,  even  when  she  had  been  long  under  treatment, 
and  by  some  the  case  might  have  been  given  up  as  not  adapted  for 
electrical  treaimeni. 

4.  The  principle  that,  in  the  treatment  of  insanity  by  electricity,  the- 
applications  should  not  be  confined  to  the  brain,  but  should  be  made  so 
as  toaffect  the  whole  central  nervous  system,  which,  primarily  or  seconi 
arily,  must  be  more  or  less  involved  in  nearly  all  phases  of  Insanity. 
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Aw  exceedingly  interesting  point  in  the  consideration  cf  congestion  of 
the  nerve-centres  is,  the  discrepancy  between  the  observed  symptoma 
and  the  authoritative  statements,  in  regard  to  the  necessary  and  con- 
•tant  relation  of  certain  symptoms  with  that  condition.  In  pathological 
conditions  of  the  brain  and  spinal  cord,  more  perhaps  than  with  other 
organs  of  the  body,  it  is  difficult,  nay,  utterly  impossible,  to  associate 
a  long  list  of  distinct  symptoms  with  some  change  or  tendency 
to  change  of  structure,  and  say  that  they  invariably  exist  as  effects 
and  cause.  What  we  term  distinct  variations  from  the  physiologi- 
cal conditions  of  the  great  nerve-centres,  so  markedly  and  undeniably 
run  into  and  overlap  each  other,  are  so  frequently  as  it  were  intertwined, 
that  it  is  hard  for  the  most  careful  observer  to  do  more  than  to  arrive 
at  approximately  correct  conclusions  as  to  the  actual  pathology.  Irri- 
tation and  congestion  of  the  cord  may  coexist.  Congestion  of  a  severe 
and  chronic  character  may  simulate  actual  sclerosis,  and  hysteria  asso> 
dated  with  a  mild  form  of  either  irritation  or  congestion  may  give  rise 
to  symptoms  of  anaesthesia  and  such  decided  impairment  of  electro-mus- 
cular sensibility  as  to  completely  mislead  the  practitioner  and  suggest 
the  existence  of  serious  organic  disturbance. 

These  remarks  will  be  more  fully  appreciated  by  referring  to  several 
of  the  illustrative  cases  that  follow. 

Prognosis  ami  Treatment. — The  relief  that  is  afforded  by  electrization 
in  the  ordinary  fonns  of  passive  spinal  and  cerebral  congestion  is  quite 
constant  and  reliable. 

Galvjmiration  of  the  brain,  spinal  cord,  and  sympathetic  are  of  course 
to  be  used  and  should  be  attempted  with  more  or  less  thoroughness  ac- 
cording to  the  indications  of  each  individual  case. 

General  faradization,  however,  should  not  be  neglected.  There  arc 
very  few  cases  that  will  not  receive  benefit  by  its  judicious  cmplngfi 
inent. 
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SuddtH  onset  of  congestion  0/  t\e  cord  associated  with  symptoms  of  irritation — Rafii 
recovery  follows  general  faradixation. 

Case  XXL — Mr.  B.  W.,  a  youth  aged  17,  but  exceptionally  mature,  both  io 
physical  and  mental  eadowments,  was  referred  to  us  by  his  physiciau,  Dr,  John  J. 
Ctane. 

7*his  patient,  who  was  a  student  at  Harvard,  stated  that  some  weeks  previously  he 
had  one  afternoon  walked  quite  briskly,  and  for  a  considerable  length  of  time,  and 
while  in  a  state  of  partial  perspiration  had  reclined  upon  the  grass  until  a  sense  of 
chilliness  warned  him  of  bis  imprudence.  Durin^^  ihe  rest  of  the  day,  and  on  retiring 
at  night,  he  observed  no  unusual  symptom,  but  m  the  morning  the  legs  were  found 
to  be  stiff  and  weak,  associated  with  a  decided  loss  of  co-ordinaiing  power.  In  short 
the  patient  was  suffering  from  incomplete  paralysis  in  a  paraplegic  form.  There  was 
■light  but  marked  tenderness  along  the  spine  on  presi-inre,  1)ul  no  euiggeration  of 
reflex  excitability  in  the  limits,  and  no  appreciable  impairment  of  electro-mu» 
ciilar  contractility  or  sensibility.  Anaesthesria  was  quiie  marked  in  the  calves  of  thi 
1^  and  toe^  but  any  sensation  of  tingling  wa&  altogether  wanting.  Patns  in  th« 
back  and  limbs  were  not  increased  by  motion,  but  the  patient  complained  of  some 
discomfort  along  the  spine  that  was  increased  at  night  by  the  warmth  of  the  bed. 
It  seemed  sufficiently  clear  that  the  case  was  one  of  spinal  congestion,  and  our  first 
iJiought  was  to  trust  to  gaivaaization  of  the  spine,  but  on  father  thought,  and  taking 
into  consideration  the  recentness  of  the  attack,  and  the  remarkable  effects  of  general 
faradization  in  equalizing  the  circulation,  we  submitted  the  patient  to  a  most  thorough 
bat  mild  siance  of  the  last-named  method,  and  directeil  him  to  call  again  in  the  course 
of  a  couple  of  days.  On  his  return  we  found  that  the  anaesthesia  had  nlmo<>t  entirely 
ceased  to  annoy  him ;  his  limbs  were  more  supple  and  stronger,  and  there  was  a  mani* 
fest  increase  in  the  power  of  co-ordination.  Substantially  the  s*rac  method  was  em- 
ployed on  seven  different  occasions  from  May  5th  to  May  13th,  when  he  returned 
to  his  studies  completely  recovered. 

Id  the  case  above  cited,  ansesthesia  was  a  prominent  symptom,  while 
there  were  absolutely  no  sensations  of  formication  or  tingling. 

Tenderness  on  pressure  along  the  spine  was  decided,  and  yet  we  find 
various  authors  stating  that  in  spinal  congestion  not  only  is  this  symp- 
tom wanting,  bat  so  also  is  anaesthesia,  while  the  sensations  of  formica- 
tion and  tingling  in  either  the  toes  or  fingers  are  almost  invariably 
present. 

Sometimes  the  symptoms  of  one  pathological  condition  may  be  the 
more  prominent— sometimes  the  symptoms  of  another — and  occasional- 
ly it  may  be  observed  by  one  whose  experience  is  at  all  extended  that 
^inal  congestion  and  irritation  occur  together  as  aflfectioos,  so  to  speak, 
co-ordinate  and  coequal.  In  this  case  congestion  of  the  cord  was  un- 
doubtedly the  predominant  condition,  while  the  symptom  of  tendemesi 
fton^  the  spine  on  pressure  rendered  it  evident  that  irritatioii  was  pre** 
ent  as  welL 
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Sfinal  tenderness  along  the  lewer  fiortion  of  the  sfine  on  presntr*  followed  b^'  fain 
in  the  bowels  and  extremities — Im faired  motor  power ^  etc, — lmPro9tmtnt  under 
spinal  galvanisation  after  failw^e  of  general  faradiaatitn. 

Case  XXIL— As  an  illustration  of  a  very  considerable  loss  of  power  in  the  lower 
limbs  from  well-markeU  !.pinal  congeslion.  we  refer  to  the  case  of  a  married  lady  aged 
35,  who  was  placed  under  our  care  by  Dr.  J.  O.  Farrington.  Some  four  yeais  pre- 
viously she  first  began  to  notice  certain  symptoms  for  which  she  could  not  account, 
out  which  evidently  indicat  ed  some  disturbunce  of  the  circulation,  and  possibly  some 
slight  spinal  Irritation, 

She  was  then  regarded  as  hysterical,  aod  was  really  tormented  with  many  of  those 
vague  and  various  symptoms  which  accom|)any  this  condition.  Associated  with  her 
general  nervous  distress  at  that  lime,  however,  were  a  number  of  special  symptoms, 
which  she  readily  called  to  tnind  on  being  closely  questioned.  The  most  prominent 
of  these  was  a  sensation  of  tenderness  when  by  any  accident  or  design  pressure  was 
made  over  the  lower  part  of  the  spinal  cord.  She  recollected  also  that  this  sensatioo 
of  tenderness  was  accompanied  by  pain  in  the  lower  part  of  tiae  bowds  and  in  the  ex- 
tremities, and  frequently  a  disposition  to  nausea. 

These  symptoms  became  neither  much  aggravated  nor  deddedly  improved,  but 
continued  to  annoy  her  until  about  five  months  before  she  came  under  our  observa< 
tion,  when  a  great  change  for  the  worse  manifested  itself. 

Quite  suddenly  she  found  that  the  power  of  locomotion  was  considerably  intpured. 
Slight  exercise  fatigued  her  more  an<l  more,  until  Ginaily  &he  was  unable  to  walk  more 
than  a  few  hundred  feet  without  becoming  excessively  fatigued.  There  was  a  sense 
of  heaviness  in  the  knees  and  feet,  and  frequently  it  required  all  her  efibrts  to  over- 
come this  feeling  of  helplessness  and  move  around.  There  was  no  anaesthesia  ;  but 
she  complained  of  a  constant  tingling  in  the  fingers  and  toes. 

Pressure,  when  made  over  any  portion  of  the  spine,  caused  no  feeling  of  tenderness ; 
bat  at  night  the  warmth  of  the  bed  frequently  produced  a  dull  aching  of  the  cord, 
vrfaich  effectually  prevented  sleep.  Both  night  and  day  she  was  annoyed  at  intervab 
with  paroxysms  of  shortness  of  breath. 

Hoping  to  equalize  the  circulation,  and  thus  help  to  relieve  the  congestion  which 
was  supposed  to  cxL«.t,  we  made  use  of  the  faiadic  current.  We  could  accomplish 
nothing  with  it,  and  resorte^l  to  the  gal\'anic  current,  placing  the  negative  electrode 
at  the  coccyx  and  fuis&ing  the  positive  up  and  down  the  spme — spinal-cord  current. 
The  application  was  administered  every  other  day,  and  was  followed  by  good  resulti. 
The  sensation  of  tingling  of  which  she  complained  was  entirely  dissipated. 

The  annoying  dbortnets  of  breath  was  so  much  relieved  that  it  was  only  occasionally 
and  at  night  that  she  was  troubled  by  it.  Her  feet  became  permanently  warmer, 
aod  she  was  able  to  increase  somewhat  her  amount  of  exercise  without  sufTering 
Citig'jc.  These  results  were  accomplished  in  two  months,  during  which  time  thirty 
applications  of  the  galvanic  current  were  made. 

The  prominent  symptom  which  pointed  to  spinal  irritation  as  the  original  diiEcoltjr 
in  the  case  of  this  patient  was  the  seiisitiveness  of  the  spine  to  presmire,  and  the  ac 
coin|Muiying  nausea  and  pains. 

The  symptoms  which  indicated  the  later  stages  of  congestion  were  t 

First — Incomptcie  paralyas  in  a  paraplegic  form. 

Second — A  constant  tingling  in  the  toes  and  fiogen. 
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Ca»  XXIU.— C  a b  &sM  tveBt7>l(Mr  yean  of  a«iw 

■4  thxt  iot  (oar  namhn  <fce  IttI  fldfered  froa  aoackt «(  Um 

ii^  of  thefkoe,  with  iMtaine  MSd^  tlMt  OM  cm  iiwii  riwLi  cvoj  ^,  «|«c»llr 

in  ifae  aftemooa  and  CfcniBc  wka  she  had  becB  kwd  at  vock  oa  tlie 

Sbe  was  emfilofed  m  m  riiop  where  she  was npnttii  to  wotk  al  day  cat  the 

The  CDOMitBtioa  of  the  patieal  wai  tnoHkat,  aad  there  weic  ao  evidcaces  of 

disorder. 

We  used  central  galvaaiacia^  eahraniadim  of  the  head  aad  ly^MUhetic^  —4 
pciaibcd  bronude  of  poCaxiaiD  wUnaOj.  with  tenediate  and  decided  tcfie^  fa^ 
the  aymptonas  leciuied  wbea  die  retained  to  hard  wodt  on  the 

Ctre^al  congestion  amJ  txktmstion  imimctd  hy  4 
of  catarrh  and  natal foly pi —  TerrMe  M 

tmder  gahiauaation  of  hrmn  atul  cervieai  sgmfaiiitae,  mmd  imtenmml  ms*  of  4 
liver  oil  emuUion, 

Case   XXIV.— Mr.  D ,  a  gentleman  of  middle  Ufe,  a  poUtical  editorial  writer 

on  one  of  oor  prominent  Western  newspapers  consulted  as  December  ao,  1872,  for 
persistent  insomnia  of  a  very  aggravated  character,  that  for  one  year  had  forced  him 
to  try  all  methods  of  treatment,  indading  hydropathy,  homoeopathy,  severe  excrctsev 
etc,  with  bat  little  profit.  Tbe  condition  had  come  apoa  him  as  a  result  of  over- 
toil in  his  profession,  combined  with  mental  anno)'ances  of  a  most  serioas  diaraotcr. 
Formerly  the  patient  had  suffered  from  nasal  catarrh  (chronic  rhinitis)  a~| 
polypi :  as  tke  cerebral  ditorder  came  on,  the  catarrhal  tymptowu  diMpptared, 

The  insomnia  had  been  most  obstinate:  for  weeks  and  months  it  had  been  nrcci 
Miy  to  sse  chloral,  else  there  was  absolutely  no  sleep ;  and  recently  the  chloral  had 
lost  tomewfaat  of  its  power. 

We  gave  him  a  few  applications  of  electricity,  tising  the  ordinary  methods  of  gal. 
vanixing  the  brain  and  cervical  sympathetic,  and  gave  the  cod-liver  oil  emulsion.  He 
was  obliged  to  return  to  his  duties  ;  but  he  carried  out  the  treatment  faithfully,  and 
now  and  then  reported  bis  progress.  The  improvement  was  constant  and  permanent. 
He  got  along  with  less  and  less  chloral  In  the  course  of  a  few  weeks  he  wrote  tK»f 
be  was  nearly  well ;  but  he  adds :  **  The  catarrh  b  coming  back ;  the  devil  take  it  I  ** 
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The  relief  of  pain,  whether  of  a  pseudo-neuralgic  or  hysterical  char- 
acter, or  whether  dependeiil  on  true  neuralgia  or  other  causes,  is  a  very 
iniportanl  function  of  electrization  ;  but  in  no  condition  has  it  beea 
more  diffictilt  to  discriminate  correctly  in  the  selection  of  the  projjer 
method  of  electrical  treatment.  True  neuralgia,  as  defined  by  Anstie, 
is  without  doubt  most  successfully  treated  by  galvanism,  while  hysteri- 
cal neuralgia,  and  the  so  called  pseudo- neuralgia,  which  are  simply 
forms  of  pain,  occupying  certain  areas,  and  running  seemingly  in  the 
direction  of  certain  nerves,  yield  most  readily  to  faradism. 

More  specifically,  the  effects  oi pressure  in  the  various  forms  of  neu- 
ralgia are  exceedingly  useful,  as  guiding  symptoms,  indicating  the 
proper  current.  We  do  not  by  any  means  lay  it  down  as  a  universal 
law,  but  it  will  certainly  be  found  that,  in  the  great  majority  of  cases  of 
neuralgia,  where  firm  pressure  over  the  affected  nerve  aggravates  the 
pain,  the  galvanic  current  is  indicated,  while  the  faradic  current  has 
the  greater  power  to  relieve  when  such  pressure  does  not  cause  an  in- 
crease of  pain. 

In  the  class  of  cases  called  sometimes  hysterical  hypersesthesia,  it  is 
well  known  that  firm  and  prolonged  pressure  affords  marked  relief,  while 
pressure  superficially  applied  increases  the  distress.  The  faradic  cur- 
rent is  here  infinitely  sui>erior  to  the  galvanic. 

EUctro-'iia gnosis  in  neuralgia  discovers  the  painful  spots  that  are 
delected  by  pressure  in  the  course  of  the  affected  nerve,  and  may  also 
discover  sensitive  points  on  the  spine,  or  the  head,  that  might,  perhaps, 
have  otherwise  escaped  observation. 

Treatment. — Before  attempting  the  electric  treatment  of  neuralgia, 
we  should  endeavor  to  diagnose  its  general  character,  \n  order  to  de- 
cide upon  the  method  to  be  employed.  In  doubtful  cases  it  is  neces- 
sary to  try  in  succession  central,  peripheral,  and  general  treatment. 

The  treatment  of  the  different  varieties  of  neuralgia  is  the  best  test 
of  skill  in  electro-therapeutics.  rhere  is  no  disease  or  symptom  ip 
which  the  results  of  treatment  in  different  cases  so  closely  depend  <>t^ 
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Cases  dHt  uifadkioas  rrniriw  nr  a^glt  agpxntc  loajr,  by  the  cxcr 
dasaiiht^kMamdcaaaaam  tkac  ripcfieace  «bmj^  be  n^mPy  cored 

TW  Mcces  aJlkfcd  by  dectdatm  ii  tfce  trotmeat  of  neural^ 
i«s  beca  bdSat  nd  iriKilirihr,  aod  voald  be  snftrimr  of  ttsdf  to 
«Blille  it  loa|BiMni.Bi  md  ndbpeaaibte  powrinw  anong  modem 
■MMtiits.  What  is  More  lOMrikaUe  tffll,  is  that  Ais  Boccess  has  been 
adiieved  by  very  dnrene  arMliMids  of  appficatxioSk  aikd  with  imperiect* 
iwtiii'wnf,  or  iacotrect  iti^pinirf  AH  fimns  of  dfectndty — statical, 
gahranic;  sad  &mdic — ai  aSk  dK  dUfacirt  iirtinili  and  phases  of  eleo 
tiizatioa,  geacni  nd  toffardt  centaalf  aad  penphenlly,  by  cmrents, 
stabie^  iabde^  r«mhwoiM»  tatcnvplBd^  —■&■■■,  aad  hiaeasiog. 

Tbe  poia  is  finoqaenity  refiered  in  tbe  aidst  of  tlM  appltcatioD ;  but 
jn  sndi  cases  it  aiaaBy  reConis  ia  tile  oonrse  of  a  fevbonxs^  aad  soa>e> 
tinKS  with  hrfi^ilnicd  iateasty.  Sooic  cases  of  a  pcxipheral  cbander 
are  penaaaeotly  <gspdlcd  by  one  or  two  appUcatioos. 

Electricity  b  applied  far  iwralpa  ia  the  faiOowiog  fofms  : — 

Gtm^mi fmtmiivmiiBm  tmd  €tmirmi  gmftmu  itmtim 

L$caUt£d  farmiamiim  «r  i^Jmrnamtun^  ttmirmi  «r  ftrifhtral^  m 


EUctric  bnuiL. 
£iitiricm0am. 
SlatiemJ  tUti*  Uiij. 
EUttric  hands  mmd  £sku 
Tktmmgmit, 

Statical  electricity  works  well  in  neoialgia,  and  excellent  cures  have 
been  perfonned  by  it,  but  there  b  no  evidence  as  yet  that  it  b  in  any 
respect  superior  to  the  galvanic  current  when  rightly  used. 

Many  of  the  failures  and  disapp^imiwunts  with  the  ust  of  eltctrieitj 
in  neuralgia  hare  been  due  to  the  mistake  of  treating  eonstitutumai  dis- 
eases locally t  and  the  central  varieties  peripherally. 

There  b  one  difficulty  in  the  trealment  of  neuralgia  by  electrization, 
and  that  b  that,  on  account  of  the  intensity  of  the  pain  of  the  disease, 
patients  are  sometimes  unwilling  to  give  the  treatment  a  fair  triaL 
This  difficulty  U  further  increased  by  the  fact  that,  during  or  after  the 
first  two  or  three  applications,  the  pain  may  be  temporarily  aggrarated^ 
especially  if  the  sittings  have  been  long,  or  with  currents  of  too  great 
strength.     For  this  reason  the  initial  applications  should  be  made  with , 
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caution,  and  the  operator  should  not  yield  to  Che  temptation  to  renew 
them  too  frequently.  Once  a  dav,  or  every  oihet  day,  is  about  as  ofteo 
as  applications  can  be  made  with  benefit. 

As  before  remarked,  the  methods  of  applying  electricity  must  be 
studiously  adapted  and  varied  to  each  case,  ever  keeping  in  mind  that 
all  methods  of  using  electricity  have  been  successful  in  this  disease,  and 
that  no  one  method  is  uniformly  successful  even  in  the  same  variety. 

Besides  the  central  and  general  electrization,  which  is  to  be  con 
ducted  on  general  principles,  in  order  to  affect  the  seat  of  the  disease^ 
all  the  varieties  of  neuralgia  may  demand  more  or  less  treatment  in  the 
scat  of  the  pain.  For  this  purpose  we  may  use  either  faradic  or  gal- 
vanic currents.  Although  the  faradic  achieves  excellent  results,  yet 
some  of  the  most  striking  results  have  been  obtained  by  the  galvanic 
It  sometimes  relieves  the  pain  when  the  faradic  only  aggravates  \t* 
After  the  faradic  current  has  been  tried  a  few  limes  ?*ithout  effect,  we 
should  never  abandon  the  case  without  resorting  to  the  galvanic,  or  the 
two  currents  may  be  used  alternately.  As  a  rule,  the  applications 
should  be  short  and  made  with  a  mild  current;  but  this  rule  has 
marked  exceptions.  There  appears  to  be  no  special  law  in  regard  to  the 
direction  of  the  current  The  strong  statements  that  have  been  made  in 
regard  to  the  superiority  of  one  or  the  other  pole  in  this  disea.se  are 
not  sustained  by  experience.  Either  the  positive  or  the  negative  pole 
may  be  placed  over  the  painful  points,  while  the  other  pole  is  applied 
near  or  on  the  nerve  centre.  Thus,  in  neuralgia  of  the  arms,  one  pole 
may  be  placed  at  the  cilio*spinal  centre,  and  in  neuralgia  of  the  legs, 
on  the  lumbar  vertebrae,  and  the  other  on  the  affected  nerve  (spinal- 
cord -nerve  current). 

The  electric  moxa  is  sometimes  more  rapidly  efficacious  in  neuralgia 
than  any  other  method  of  treatment.  It  is,  however,  a  very  painful  pro- 
cedure, and  many  patients  will  not  bear  it. 

It  seems  to  act  partly  as  a  counter-irritant.  Meyer  very  strongly 
advocates  the  use  of  electric  moxa  in  neuralgia,  and  sustains  his  position 
by  a  number  of  cases.  Very  few  American  patients  in  the  higher  walks 
of  life  will  bear  this  severe  method  of  using  electricity. 

General  Prognosis, — Take  the  cases  as  they  arise,  without  reference 
to  their  pathology,  duration,  or  situation,  neuralgia  offers  a  very  favor- 
able prognosis.     The  majority  of  cases  will  be  cured  or  permanently 

•  The  statements  of  Niemeycr  and  otheri  that  the  faradic  corrcnt  never  succeeds 
in  netiraigm  arter  the  galvanic  fails,  is  not  true.  We  have  seen  several  cases  where 
iclief  was  obtained  b>  faradization  with  Kidder's  continuoos  machine,  after  gatvanl 
atkm  had  M  least  apparently  failed. 
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improved.     Patients  who  have  the  neuralgic  constitution  are  liable  'a 
relapse  in  time,  however  successful  the  treatment  mav  have  been. 

Paroxyimai  attacks  of  a  most  Jistressing  general  neuralgia^  associated  with  men*^' 
rhagia  and  an<fsthesia,  treated  by  general  faradiiati»K — Recovery. 

Case  XXV.— Aladjabout  30.  married,  but  childless,  liad  suffered  from  several  »!«• 
carriages,  and  had  been  treated  for  a  long  time  for  ulceration  of  the  neck  of  the  utemt 
that  finally  yielded  to  local  applications.  Up  (o  her  twenty-fifth  year  she  had  enjojrcd 
a  good  degree  of  health  ;  but  after  her  first  miscarriage  she  began  to  suffer  from  pto- 
longed  menstruation,  attended  with  an  excessive  flow.  This  condition  Imd  existed 
but  a  few  months  when  tbe  patient  began  to  experience  certain  wandering  pains  over 
the  body,  that  became  more  marked  at  each  return  of  the  catamenia,  until  the  par 
oxysms  assumctl  a  most  distrc«&ing  character.  They  were  usually  ushered  in  by  ten- 
derness and  a  sensation  of  oppression  in  the  epigastric  region.  Throughout  the  whole 
attack  the  most  acute  pain  would  he  felt  over  the  stomach,  and  was  attended  by  vomit* 
ing.  Most  of  the  body  was,  however,  to  a  greater  or  less  extent,  affected  by  the  dis- 
order. The  head  became  tender  to  the  touch,  the  eyes  intolerant  to  light,  and  the 
tongue  and  mucous  surfaces  of  the  cheek  would  be  affected  by  a  very  annoying  sensa- 
tion of  numbness.  Several  tiroes  a  year  she  was  prostrated  by  symptoms  that  were 
very  sudden  in  their  onset,  and  exceedingly  alarming  in  character.  The  pulse,  almoct 
without  warning,  would  fall  to  40  or  45  in  the  minute,  and  become  so  feeble  as  to  be 
hardly  perceptible.  The  power  of  articulation  left  her,  the  an^esthei^ia  of  the  mouth 
and  tongue  became  complete,  and  her  face  assumed  a  deadly  color  and  goldnesa. 
These  attacks  lasted  from  twenty  minutes  to  half  an  hourj  and  were  treated  by  tbe 
free  use  of  brandy  and  caib,  of  amuaonia.  An  application  of  general  fjoradization, 
given  one  evening  during  one  of  her  periodical  monthly  paroxysms,  so  relieved  the 
distress  that  a  quiet  night  was  the  result.  It  may  be  here  stated  that  it  was  impossi- 
ble for  the  patient  to  take  opium  in  any  form  with  benefit.  Exceedingly  small  doses 
caased  sleeplessness  and  the  most  intense  excitement.  Invariably  after  this  we  found 
that  a  similar  application  would  greatly  alleviate  the  pain.  The  main  idea,  however, 
was  to  strengthen  the  general  system.,  and  so  prevent  these  attacks.  For  thb  purpose, 
on  every  other  tiay  she  was  treated  thoroughly  by  general  faradization,  and  it  was  not 
long  before  its  good  effects  were  manifest.  In  the  course  of  a  few  weeks  her  powers 
of  endurance  had  increased  considerably  ;  and  when  the  menses  appeared  they  were 
of  {shorter  duration,  and  attended  with  a  much  less  loss  of  blood  than  before.  The 
neuralgic  pains  were  incomparably  less  severe,  and  she  rallied  to  her  usual  condition 
immediately.  After  remaining  under  treatment  several  months  she  was  disdiarged  ai 
cured.  Five  years  have  elapsed  since  treatment  was  discoo tinned,  but  she  has  never 
suffered  since  from  tliose  occasional  attacks  of  which  mention  was  made.  Her  men- 
ses continue  regular  and  normal ;  and  it  is  only  after  great  provocation  that  she  ever 
experiences  paroxysms  like  those  of  former  days* 

intercostal  neuralgia  of  a  malarial  origin — Recovery  under  general  fvadizatitn 

and  quinine,  • 

Case  XXVI. — A  yoang  man,  who  had  been  exposed  to  the  hardshijw  and  dangers  of 
a  frontier  life,  was  suffering  from  distressing  pains  ihat  were  confined  mainly  to  the 
thoracic  region  on  either  side.     Several  months  before  we  saw  him,  be  was  prostrated 
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hy  .ao  Attack  of  iBtcrmittent  fever  that  recnrred  several  limes  aAer  being  apporetitlj 
subdued. 

One  of  tbe  paroxysmB  was  foMowed  by  what  his  att-odant  called  "  hrvw  ague*' — 
M.  tenn  not  unramUiar  some  years  ago  to  the  residents  of  malarial  diUricts. 

It  was  characterixed  by  sharp  shooting  pains  all  over  the  bead  and  face,  affecting, 
however,  especially  the  forehead  and  eyes.  The  neuralg.c  symptoms  soon  abandoned 
these  parts,  but  in  a  few  days  manifested  themselves  by  an  untisoally  severe  paroxysm 
•in  the  chest  and  side.  For  a  number  of  months  before  he  fell  under  our  notice,  at* 
lacks  of  intercostal  neuralgia  occurred  at  intervals  of  two  or  three  days. 

The  patient  experienced  no  distinct  chills  or  marked  febrile  excitement,  but  tbe 
neuralgia  was  almost  invariably  ushered  in  by  a  creeping  sensation  of  cold  down  tho 
back  and  limbs.  The  exciting  cause  was  undoubtedly  a  malarial  poison.  The  diag> 
nosas  of  neuralgia  was  unmistakably  confirmed  by  the  presence  of  that  almost  pathog- 
nomonic symptom,  namely,  pain  on  pressure  over  the  spinous  process  of  one  of  the  last 
dorsal  vertebrae.  A  gradual  improvement  took  place  under  frequent  general  applica- 
tions of  the  faradic  correot.  Quinine  was  administered  at  the  same  time,  so  that  we 
cannot  state  in  yxwitive  terms  the  exact  amount  of  credit  due  electniaiion.  It  must 
be  remembered,  however,  that  quinine  had  been  taken  for  some  time  previously,  and 
was  followed  by  no  very  marked  results.  The  first  application,  administered  during  a 
paroxysm  of  ordinary  severity,  was  followed  by  a  very  grateful  amelioration  of  the 
pain,  and  m  all  subsequent  attacks  tbe  same  result  followed. 

Ten  applications  served  to  break  the  periodicity  of  the  attacks,  and  to  place  him  on 
a  plane  so  little  below  the  normal,  that  it  could  be  fiairly  said  of  bim  that  be  was 
approximately  cured. 


/tttfreostal  nruralgia,  reiuUing  /ram  exposure  to  camp  life — Spinal  Irritatiom^ 
Debility — Rapid  im^ovement  and  recovery  under  general  faraditation, 

Casb  XXVII. — L.  C,  aged  2S,  served  in  a  Nevada  regiment  for  three  years  during 
the  war.  After  his  discharge,  in  the  fall  of  1865,  he  was  taken  with  acute  articular 
rheumatism,  which  confined  him  to  a  hospital  during  the  whole  winter.  The  spring 
found  him  much  better,  and  in  a  few  months  there  seemed  to  be  no  vestige  of  the  rheu- 
mat  ism  remaining.  His  health  remamed  delicate.  In  July,  1S66,  he  was  taken  wiib 
'•evere  pains  in  the  back  and  side.  He  was  treated  by  localized  faradization  a  few 
ttme^  bnt  with  no  appreciable  benefit.  The  neuralgia  increased  in  severity,  locating 
itself  between  the  ribs.  In  January,  1S67,  he  applied  to  us  for  treatment.  He  waj 
then  extremely  weak,  and  presented  a  remarkably  anaemic  appearance.  There  was 
very  great  hyperasthesia  over  the  peripheral  expansion  of  the  affected  nerves.  Slight 
irritation  by  the  finger-nail,  or  moderate  pressure  by  the  hand,  was  sufficient  to  cause 
■considerable  pain.  On  account  of  his  extreme  sensibility  he  was  obliged  to  sul>stitute 
for  the  coarse  red  flannel  which  he  had  been  accustomed  to  wear,  an  undershirt  of 
finer  texture.  Pressure  made  upon  the  first  spinous  processes  of  the  dorsal  vcrtebne 
caused  no  uneaaness,  but  when  the  sixth  and  seventh  processes  were  firmly  pressed, 
tbe  patient  loudly  complained.  We  gave  him  a  general  application,  as  is  our  custom 
in  such  cases.  Tlie  whole  system  was  brought  powerfully  under  the  influence  of  the 
(aradic  carrent.  The  application  at  once  relieved  him,  and  in  three  days  e  wai 
directed  to  come  again.  During  that  time  he  suffered  mudi  less  than  usual ;  his  ap- 
petite had  improved,  and  for  the  first  thirty>u  hotrs  be  was  mur4i  invigoratad.      He 
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trWted  ti«  for  om  months  daring  which  time  he  received  ten  general  ippUcatioii».    'At 

improvement  was  uninterrupted  from  ihe  beginning. 

After  the  fourth  application  he  suffered  no  more  from  the  neuralgia.  The  color 
returned  to  his  cheek  ;  bis  appetite  became  more  vigorous  from  week  to  week,  and 
when  he  discontinued  treatment,  vre  regarded  him  as  comparatively  well 

Thi?  case  called  for  a  powerful  constitutional  tonic  Hardships  in 
the  army  and  previous  disease  had  reduced  his  stock  of  vitality  to  such 
a  degree  that  our  ordinary  internal  tonics  failed  to  protitice  their  accus- 
tomed results.  His  nervous  system  had  been  so  shaken,  and  all  his 
functions  so  disturbed,  that  he  could  not  assimilate  the  iron  and  bitters 
that  were  so  much  needed.  It  is  in  such  cases  thit  general  faradiza- 
tion achieves  most  satisfactory  results. 

Central  Neuralgia. — Under  this  head  we  include  those  cases  of 
neuralgic  pain  that  certainly  depend  on  pathological  lesions  of  the 
central  nervous  system. 

The  neuralgic  pains  of  locomotor  ataxia  belong  to  this  class. 
Those  who  with  Dr.  Anstie  regard  neuralgia  as  a  distinct  disease,  de* 
pendent  on  atrophy  of  the  rcKits  of  the  nerves,  do  not  regard  these  pains 
as  really  neuralgic.  Under  this  class  also  come  certain  varieties  of 
headache  and  cervical  neuralgia. 

Cephalalgia  {Headache). — Headache  should  be  treated  by  general  or 
localized  electrization,  according  to  the  indications  of  each  case.  Dry 
faradization  with  the  hand  is  used  successfully.  Stable  galvanizatior* 
or  faradization,  unifonn  or  increasing,  may  be  employed.  Labile  ap- 
plications with  the  moistened  hand  are  sometimes  of  service.  General 
faradization  is  more  effective  than  localized,  for  the  reason  that  in  so 
large  a  proportion  of  cases  the  pain  in  the  head  is  so  very  frequently 
nymptomatic  of  disease  of  other  parts  of  the  body,  the  precise  nature 
and  locality  of  which  we  cannot  possibly  detect.  Central  galvanization 
is  sometimes  more  efficacious  than  any  other  method.  Relief  not  un- 
frequently  follows  galvanization  or  faradization  of  the  stomach,  or 
bowels,  or  spine,  or  galvanization  of  the  sympathetic,  even  when  the 
head  is  not  touched.  Applications  to  the  back  of  the  neck  are  sometimes 
more  efficacious  than  direct  applications  to  the  head. 

Prognosis, — Although  headache  in  this  country  is  even  a  more 
frequent  symptom  than  dyspepsia,  yet  patients  do  not  usually  apply  for 
treatment  for  this  symptom  alone,  but  only  when  it  is  associated  with 
more  special  and  distinct  affections.  The  immediate  effects  of  electriza- 
tion in  headache  are  as  variable  as  the  pathology  of  the  symptoms.  It 
sometimes  reUeves,  sometimes  aggravates,  and  sometimes  gives  only 
negative  results.     Sometimes  the  pain  is  relieved  in  the  midst  of  tb^ 
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nttiog ;  more  frequently  the  relief  does  not  appear  for  several  hours. 
There  is  no  reason  to  be  discouraged  because  immediate  relief  is  not 
obtained.  In  very  many  of  our  cases  of  dyspepsia,  of  anaemia,  chlorosis, 
ner\'0U3  exhaustion,  paralysis,  headache  is  a  more  or  less  constant 
symptom,  from  which  during  the  treatment  they  usually  obtain  either 
relief  or  cure.     In  rare  cases  all  other  symptoms  yield  but  this. 

In  many  of  the  cases  of  dyspepsia,  neurasthenia,  anaemia,  and  hys- 
teria, headache  was  a  prominent  symptom,  which  was  not  only  tem- 
porarily but  permanently  relieved  by  the  treatment.  If  we  were  to  judge 
from  our  own  observaiions,  electrical  treatment  is  even  more  efficacioui 
to preient  attacks  of  headache,  by  improving  the  tone  of  the  system, 
than  to  dissipate  the  pain  after  it  has  once  set  in. 

Thi  Magnet. — The  tlierapeutical  results  that  have  been  obtained  by 
the  magnet  in  the  treatment  of  headache  are  not  sufficiently  encourag. 
ing  to  entitle  it  to  special  notice.  Something  has  been  claimed  for  it^ 
but,  as  a  rule,  it  has  been  found  that  it  is  necessary  that  the  patient 
should  be  of  a  peculiarly  impressible  organization,  in  order  to  be  in  the 
slightest  degree  affected  by  it.* 


Prejufitt  and  mere  keadachea  in  a  girl  of  /if teen  since  the  age  of  four — Apfraxi 
mate  recwery  under  a  month  of  central  gah>ani%ation — Suhxequent  relapse, 

C.vsE  XXVIII.  —  Mi^  C. ,  aged  15,  consulted  U5  at  the  suggestion  of  her  physician. 
Or.  Everett  Herrick.  The  (uiient  was  small  of  her  age  and  menstruated  tirst  at  th« 
«ge  of  eleven.  lu  regard  to  hereditary  influences  it  may  be  said  that  her  father  had 
for  many  years  suffered  from  periodical  attacks  of  headache,  and  that  her  aunts, 
tistert  of  her  father,  had  also  menstruated  at  about  the  same  early  age  as  the  patient 
herself.  The  following  were  the  symptoms  for  which  relief  was  sought :  Since  the 
age  of  four  she  had  suffered  intensely  from  head.iches  associated  with  vomiting,  whidi 
latterly  had  incrcascil  in  frequency  until  four  out  of  the  seven  days  of  the  week  was 
the  ordinary  ratio  of  the  sick  days  to  the  well  days.  It  may  be  remarked,  however,  r  hat 
at  no  time  was  she  entirely  free  from  pain.  The  general  health  and  strength  of  the 
patient  was  fair ;  but  the  circulation  vi-as  feeble  and  the  appetite  not  very  good.  Ccn- 
tTsl  treatment  being  indicated,  we  began  the  use  of  tihis  method  by  the  application  of 
the  galvanic  current  from  four  ordinary  zinc-cart>on  cell-S  and  during  the  treatment* 
oooasting  of  seventeen  seances,  and  extending  from  May  loth  to  June  16th,  we  grad- 
nally  increased  the  number  of  cells  to  eight.  It  was  observed  that  the  attacks  greatly 
decrea^d  in  frequency  and  severity,  and  when  she  left  the  city  for  the  annual  summei 
racition  she  was  but  little  annoyed  by  her  old  enemy.  We  learned  incidentally  that 
Bat:«quent1y  the  patient  relapsed. 

•  Tripter  (Annales  de  I'Electrotherapie,  1863)  presents  a  r^sumd  of  fome  not 
very  convincing  expei'uneuts  of  I'Abb^  Le  Noble  in  the  treatment  by  th«  magnet  of 
hewJache  and  other  nervous  aflectioas.  The  expteriments  were  recorded  by  Andry 
■ad  Tbauvet,  ia  "  M^noire  sur  le  Magnet  >me  Medicinal"     Parts^  17S3. 
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Cask  XXIX.- 


dHr«rt 


teate  in  dcfr^  thHi  aA 
VS72,  ocxural  gaivodaalia 

Md  ceaaed  akoctther  to  4 


Ike 


torn  •  hEBB  Chccw  iHHr  flTlft*  atra  httl  beet. 

t  pfcfwfly  mA  iMif  If.    NcoralpB 

or  loK  tar  yeHi»  bat  fiu*  le» 

Wiom  March  nth  to  ; 


DaHAdrtS^M 


■  4^^     ^^fttml^W  909^9     i 


Cass  XXX — Mn.  T.,  who  was  Erected  to  as  bjr  Dr.  C  R.  Agoev.  had  for 
ItBsadfcredfraaiaBabKMCcaHtaatawlpaiBfalheaTiaai  aboat  thehewlaiid  ( 
AMcfaivt  with  thb^npCMB  were  fcujil  periodk^attKlaor  tkei 
iw|iftiblth      For  the  hit  few  yem  the  ptkt  Iml  ijanitifcm!  of  »bcalnean%i»« 
■Biiwhit  rare  mfiicaoe,  aodoed  by  UmUd  Jones  as    ^'throat  iljiiilliiria'' 
Ojaphaps  was  present,  with  a  aoHe  of  iianrialiing  aafccalioa,  with  heat  end  ilfjia^] 
fiBBcetioa  rcrtalod  no  ififlaniiaarttHi  nfideat  to  aeeoHrt  for  *fc»  <ii«»w>^ 

The  trcataMm  ronriard  of  aoae  25  apfMralina^  alaoet  whoOjr  hf  the  method  of  1 
central  gahranttation.  ud  with  mcMt  deddedlf  hmririsl  reanlts.    The  heavfaeee  of 
the  head  and  eyes  was  nnefa  reUered,  and  the  cephalalgia  occarred  at  iar  greater  m* 
tcrrals  and  with  les  stfcrity. 

The  throat  difficulty  yidded  oiore  readily  and  oompletely  than  the  other  1 

It  was  a  aodceable  fact  in  the  history  of  the  treatmeot  of  the  above 
case  that  at  the  outset  a  mild  cturent  of  say  from  five  cells,  when 
applied  to  the  eyesy  while  it  was  not  unpleasant  and  produced  no  aggra- 
iration  of  pain«  signally  failed  to  relieve. 

A  current  from  three  cells  was  invariably  followed  by  immediate 
alleviation  of  pain. 

PtriuUmt  and  conttamt  cephalalgia  of  long  ttamdimg — Anesthesia  of  head-^^Ho 

relief. 

Case  XXXI. — Mr.  R.,  a  clerk  sged  22,  was  referred  to  as,  April  22,  iS69»  bjr 
Dr.  Haliet,  of  Brooklyn.  The  yoong  man  had  been  many  months  a  sufferer  from  per- 
dstent  pain  through  the  head,  in  all  parts  of  it,  even  to  the  back  of  the  neck.  Treat* 
ment  had  been  of  no  avail.  His  constitution  was  of  the  nervous  Taiiety,  and  his 
symptom  was  aggravated  by  his  sedentary  mode  of  life,  and  by  any  sustained  mental 
effort. 

Electric  examination  with  both  galvanic  and  faradic  currents  demonstrated  a  verj 
anuraal  lack  of  tensitivenets  to  the  current  on  all  parti  of  the  keaJ,  wWch  in  health 
can  bear  only  very  gentle  currents.     All  the  modifications  of  electriatua  1 
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ployed  for  foar  weeks,  without  making  the  Teeblest  impression  on  the  sjrmptomi.  Nc 
temporary  relief  could  be  obtained  either  during  or  after  the  stance.  The  most  un. 
usual  fact  of  all  was,  that  the  pain  could  not  be  temporarily  aggravated  or  changed 
in  its  character,  even  by  powerful  and  somewhat  prolonged  galvanization.  The  fall 
ore  was  complete ;  after  four  weeks'  treatment  the  patient  was  diamissed,  no  better 
and  no  worse  than  at  the  outset  of  the  treatment. 

The  patient  a  few  years  subsequently  committed  suicide,  being  driven 
to  the  desperate  act  by  constant  and  unrelieved  pain. 

A  careful  post-mortem  examination  made  by  Dr.  A.  B.  Crosby,  in  the 
presence  of  Drs.  E.  S.  Bunker,  S.  G.  Armor  and  ourselves,  revealed  no 
pathological  lesion  that  would  satisfactorily  account  for  the  symptoms 
during  life. 

Sick  hfOiijchg  {Migraine). — The  results  of  our  treatment  of  sick- 
beadache  by  electricity  have  not  been  quite  consistent.  In  some  cases 
the  relief  has  immediately  followed  treatment ;  in  other  cases  some 
time  after  treatment ;  in  still  other  cases  there  has  been  no  relief,  tein« 
purary  or  permanent. 

Skk'htadacht — VoimHng — A^#  rtUtf  frfmfaradUation. 

Case  XXXII. — In  the  case  of  a  young  tody,  the  onset  of  the  pain  b  very  peculiar. 
Without  the  slightest  warning,  when  at  church  or  walking,  at  the  piano  oi  engaged 
in  household  duties,  her  vision  will  become  blurred.  Objects  before  her  seem  to 
dance  about  in  every  direction,  and  stie  is  unable  to  recognize  familiar  faces.  No 
barometer  is  so  accurate  in  indicating  storms  as  are  these  nervous  symptoms  in  fore- 
tellbg  tlie  commotion  about  to  take  place  in  her  system.  Soon  the  blur  before  th« 
eyes  partially  disappears,  and  a  most  raging  headache  sets  in.  The  arteries  m  the 
temples  swell,  and  pulsate  with  great  rapidity  and  force.  Sharp  lancinating  pains 
dart  all  over  the  head  and  througii  the  eyes.  As  a  rule,  vomiting  of  a  grumous-look* 
ing  liquid,  mixed  with  bile,  accomf>anies  the  other  symptoma.  After  lasting  from  is 
to  24  hours,  the  severity  of  the  attack  abates,  leaving  her  in  a  somewhat  debilitated 
•tate,  from  which  she  soon  recovers.  Electrisation  failed  to  give  any  relief.  Bromide 
of  potassium  is  the  only  remedy  that  has  any  cfTect  whatever.  Given  in  doses  of  20 
grs.  as  soon  as  the  eyes  become  blurred,  it  will  frequently  lessen  the  severity  of  the 
pain  in  the  head. 

In  the  ca.se  of  a  sister  of  the  above  the  headache  is  preceded  by  no  blurring  of  the 
eyes,  but  is  accompanied  by  an  excessive  and  distressing  sense  of  nervousness,  cauBOg 
the  patient  to  throw  her  limbs  and  body  about,  and  to  "  feel,"  to  u<>e  her  own  expres- 
sion, **  as  if  she  would  fly.'*  A  number  of  applications  of  the  faradic  current  enabled 
berto  overcome  this  feeling  of  nervousness,  and  thus  relieved  her  of  one  very  annoy- 
ing symptom  of  her  disorder.  Generally,  though  not  always,  m  the  cases  jast  related, 
these  attacks  of  sick-headache  occur  just  before  or  during  the  menstrual  period,  and 
K>  woukl  seem  to  be  influenced  in  some  measure  by  this  function. 

The  true  principle  of  treatment  is  to  tone  up  the  sjrstem  by  a  perse* 
vering  use  of  general  faradization  and  central  galvanization,  nith  otfaef 
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tonicS)  so  that  the  paroxysms  may  be  less  frequent  and  less  severe ;  m 
other  words,  to  combat  the  nervous  diathesis  of  which  the  sick-headache 
is  but  a  symptom. 

The  following  case  illustrates  the  advantage  of  carrying  out  this  prin. 
ciple  of  treatment. 

Migraine  of  several  yeari  standing  in  a  lady  of  a  veryntrvous  temptrament — Very 
great  and  permanent  improvement  under  central  gatuanitation. 

Case  XXXIII. — Mrs.  K.,  a  young  married  lady,  daughter  of  a  physictan,  was  of  » 
ttpecially  nervous  organization  by  tnlieritance,  and  had  suffered  from  neurasthenia, 
spinal  irritation,  and  especially  from  frequent  attacks  of  migraine.  We  treated  hct 
daring  the  intervals  of  her  atta;ks  for  twelve  times  by  central  galvanizatioa  Ther« 
was  immeiliate  improvement ;  the  attacks  became  less  frequent  and  less  severe.  The 
improvement  advanced  after  treatment  «  as  disconCliivied,  until  she  was  almost  entirely 
Iree  from  migraine. 

FACIAL     NEURALGIA^ — (EPILEPTIFORM     NEURALGIA — POTHERGILL^S    DIS- 
EASE^TIC   douloureux). 

Facial  neuralgia  appears  under  two  forms.  The  mild  form  is  usually 
of  a  peripheral  character,  being  caused  by  netu'itis,  pressure  from  effu- 
sion, or  decayed  teeth.  This  form  usually  yields  readily  and  surely  to 
electriaation.  The  severe  form,  to  which  Trousseau  has  given  the  name 
epileptiform  neuralgia,  is  probably  of  a  central  character,  being  caused 
by  a  variety  of  pathological  conditions  of  the  brain. 

The  symptoms  of  this  form  of  facial  neuralgia  are  the  sjiasmodical  and 
very  intense  character  of  the  pain  in  the  course  of  some  of  the  branches 
of  the  fifth  pair.  The  spasms  are  of  very  short  duration^ten  to  fifty  or 
sixty  seconds — and  may  be  accompanied  by  convulsive  action  of  the 
muscles.  The  attack  may  be  brought  on  by  any  exercise  of  die  jaws, 
as  chewing,  reading,  eating,  or  talking.  The  pain  is  so  great  as  to  caus« 
the  patient  to  slap  his  face,  or  frantically  rub  the  spot  over  the  seat  of 
the  pain.  Sometimes  patients  who  have  great  self-control  stajiip  violently 
on  ttie  floor,  jump  up  if  they  chance  to  be  sitting,  pace  the  room,  and 
utter  piercing  cries. 

This  terrible  disease  has  usually  been  regarded  as  almost  incurable^ 
and  is  so  pronoimced  by  Trousseau,  who  has  graphic.^lly  described  its 
symptoms.*  Section  of  the  nerve,  of  which  so  much  was  once  ex- 
pected, is  now  but  seldom  used,  and  permanently  succeeds  only  in  ex- 
ceptional cases. 

By  a  judicious  and  varied  use  of  peripheral  faradization  or  galvanixa 

*  See  hit  Lectures^  Baxire'a  Translation,  part  i,  p.  105. 
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don,  or  by  the  eleclpc  moxa,  or  by  galvanization  of  the  brain  or  cervi 
ca*  sympathetic*  a  ceitain  portion  of  these  terrible  caies  can  be  relieved 
or  cured.  Our  experience  does  not  yet  enable  us  to  say  what  propoT' 
tion  the  failures  will  bear  to  the  successes  ;  but  if  one  case  out  of  ten  can 
be  relieved  or  cured,  it  is  justifiable  to  try  electricity  in  alt,  since  most 
other  modes  of  treatment  offer  no  hope. 

We  present  t)'pical  examples  of  both  failure  and  success  in  the  elec- 
rical  treatment  of  this  disease. 


EfiU^iform  neuralgUx  of  left  side  of  face,  of  two  yeari  standing,  trtattd  with 
out  htntfit  by  various  methods  of  eUetritation. 

Cask  XXXIV.— Mr.  P..  ayeJ  — ,  was  sent  to  us,  November,  1869,  by  Ur.  Willard 
Parker,  with  typical  symptoms  of  epileptiform  neuralgia.  The  patient,  though  a  man 
of  mild  temperament,  stamped  furiously  on  the  floor,  even  while  telling  us  his  history. 
The  sptksms  of  pain  appeared  in  one  spot,  in  the  course  of  the  tower  branch  of  tbfl 
trifacial.  The  general  health  of  the  patient  was  not  greatly  impaired,  although  he 
Itad  suffered  for  two  yean. 

We  tried,  in  succession,  all  means  of  electrical  treatoient,  with  both  currents.  At 
one  time  some  temporary  benefit  appeared  to  have  been  derived;  it  wax,  however,  of 
abort  dnration,  and  the  paroxysms  returned  in  full  force. 

After  ten  applications  the  patient  abandoned  treatment,  utterly  disheartened. 

In  the  above  case  we  made  the  applications  twice  a  day,  as  the 
patient  could  stay  but  a  short  time  in  town.  It  is  possible  that  better 
results  would  have  followed  if  a  longer  interval  had  been  allowed. 

We  flow  turn  to  the  pleasanter  side  of  the  picture. 

£.piUptif<ftm    nettralgia   of  two  ytar^   standing~~lmprovemtHt   undtr  iocmUmd 
faradiMotion  ;  t*mpor*ry  aggravation  ty  galvanitation. 

Case  XXXV.  — Mr.  M  ,  aje.l  65,  of  extraordinary  vigor  of  constitution  and  per- 
fectly temperate  in  every  habit,  stated  that  some  two  years  since,  in  the  year  1865,  he 
first  noticed  a  slight  pricking  aensatlon  under  the  lobe  of  the  left  ear. 

For  one  year  this  feeling  occurred  only  occasionally,  and  annoyed  htm  but  little. 
At  the  expiration  of  this  time  the  attacks  became  more  frequent,  were  considerably 
prolonged,  and  profiuced  actual  pain. 

It  was  a  singular  feature  associated  with  his  condition,  that  exposure  to  the  sun'i 
rays  for  a  few  moments  would  invariably  occasion  an  attack  of  pain.  About  this 
time  the  loss  of  a  large  amount  of  money  was  a  cause  to  him  of  great  anxiety  of 
mind,  and  evidently  aided  in  aggravating  his  disorder.  The  paroxysms  of  pain  in« 
creased  in  frequency  and  severity,  until  it  was  his  sorrow  to  suffer  the  greater  part  of 
every  day  from  the  excruciating  torture  of  the  worst  form  of  facia!  neuralgia.  At 
night  he  auflered  but  little,  but  with  the  rising  of  the  fun  his  distress  began.  The 
initaot  he  opened  his  mouth  to  speak,  darting  pains  would  shoot  over  every  portion 
of  his  face,  followed  by  a  profu.<«  flow  of  saliva. 

The  act  of  eating  was  attended  with  even  greater  sufTering,  and  freqvently  ha 
•oold  conttnue  hungry  for  hours  rather  than  make  the  attempt. 
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Jffttirmtgi^  tf  tht  head,  mce^mfanied  hy  impairment  »f  tight  m$tJ  vertigt^  in  a  tadf 
aged  70  —  Treatmtnt  by  locaiited  faradiuUion. — Approximatt  reecfotry. 

Cask  XXXVII, — An  aged  laJy.  between  70  and  80  year*  of  age,  applied  lo  us  01 
one  occasion,  by  direction  of  Dr.  D.  B.  St.  John  Roomi,  for  tl>c  relief  of  a  mo'< 
agonixing  distress  in  the  head. 

The  pains  were  evidently  neoraigic  in  character.  They  darted  over  the  head  ia 
aU  directions,  from  the  forehead  to  the  occiput,  but  were  most  severe  immediately 
behind  and  above  the  ears.  The  eyelids  were  affected  to  a  considerable  extent, 
seeming  constrictc«l  and  heavy  ;  and  sometiiBes,  during  a  paroxysm  of  more  than 
ordinary  intensity,  the  sight  would  be  much  impaired  for  hours.  When  the  severity 
of  the  attack  had  abated,  she  would  be  annoyed  by  a  persistent  dizziness,  so  that  she 
could  with  difficulty  stand  erect.  Previous  to  this  attack  in  the  head,  she  had 
•aiffered  from  similar  pains  that  extended  up  the  arm  to  the  breast. 

A  gentle  application  of  the  faradic  current  to  the  head,  during  a  most  levcre 
paroxysm,  greatly  relieve*!  her. 

Not  only  was  the  pain  entirely  dissipated,  and  the  oonstriclion  and  beavinesi  of 
the  eyes  removed,  but  for  many  hours  after  she  was  entirely  free  from  vertigo. 

The  applications  were  continued  at  intervals  of  several  days,  for  a  number  of 
times,  and  accomplished  an  approximate  cure.  Occasionally  she  suffers  from  a  return 
of  the  paroxysms ;  but  they  are  of  a  much  less  severe  character  than  formerly,  and 
are  at  once  disapated  by  the  current. 

Facial  nmralgia  0/  sever ai y tar ^  standing  sncceufully  treated  by  iocaii*^ faradi' 

tatioH. 

Ca.se  XXXVIIL— Mrs  S  ,  a  patient  of  Dr.  J.  O,  Farrington,  aged  65,  had  for  a 
namber  of  year^  Itcea  a  grtait  sufferer  (rum  a  most  acute  form  of  neuralgia  of  the  face, 
frequently  asM>ciateJ  with  vertigo  and  naui^a.  The  point  from  which  the  pains  radi- 
ated  and  darted  in  all  directions,  to  the  temple,  the  ear,  and  even  down  to  the  neck, 
was  situated  close  up  to  the  right  ala  of  the  nose. 

The  patient  would  occasion.-iUy  remain  a  number  of  weeks  comparatively  comfort- 
able, but  as  a  rule  not  more  than  a  few  days  intervened  between  the  attacks. 

A  mild  faradic  current  was  applied  through  the  fingers  of  the  ojicrator  during  a 
•eawn  of  great  distress.     This  not  only  alleviated  the  pain  for  the  tunc  being,  but 
during  the  two  succeeding  days,  after  which  she  presoitcd  herself  agjun  for  treatment 
The  relief  continued  .complete. 

At  intervals  the  patient  was  treated  in  thi&  way  for  about  two  months.  She  had 
in  this  time  but  one  or  two  attacks,  slighter  than  usual.  She  discontinued  treatment, 
and  during  the  following  summer  was  entirely  free  from  them.  In  the  fall  she  began 
to  suffer  again,  and  submitted  some  half  a  dozen  limes  to  the  old  method  of  treat* 
ment,  and  to  the  date  of  writing,  six  months  subsequently,  she  has  remained  fre« 
from  the  attadu. 

It  is  worthy  of  remark  that  in  this  case  the  galvanic  current,  howevet 
mildly  applied,  seemed  only  to  aggravate  the  paroxysms. 

Peripheral  JVeura/gia.S eniitis,  neuroma,  the  continued  action  of 
cold  or  wind,  wounds,  or  nher  injuries  of  the  nerve— all  these  may  givtt 
rise  to  the  peripheral  form  of  neuralgia.     Neuritis,  or  rather  inflammation 
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pcrties  of  the  electricity  would  enable  him  to  do  without  the  ophtm  more  readily  th«i» 
on  previous  occAsioits,  we  advised  that  it  be  disconttnaed.  It  was  a  most  difRcalt 
undertaking ;  bat,  for  three  weeks,  unti'  be  was  imperatively  called  South,  not  » 
particle  passed  his  lips.  He  received  in  all  but  six  applications  of  the  galvanic  cnr- 
rent,  and  although  tiie  cure  was  by  no  means  complete,  yet  the  relief  he  experienced 
wx>  positive  and  most  gratifying. 

His  appetite  remained  permanently  better,  and  digestion  was  performed  with  more 
comfort  and  rapidity.      The  r^;ularity  of  the  ftaroxysms  was  broken,    and   tha» j 
•e^erity  ameliorated. 

llie  wild,  wandering  look  of  distress,  which  was  ever  stamped  upon  his  feature^ 
gave  place  to  a  calmer  and  more  hopeful  expression.  Unfortunately,  circumstance* 
rendered  it  impossible  for  him  to  remain  longer  at  the  North ;  but  safficienl  benefit 
had  been  derived,  during  the  brief  time  that  he  was  under  our  care,  to  render  it 
probable  that  still  further  amelioration  of  his  remarkable  symptoms  would  have  beetk 
Dbtained  by  a  persistent  use  of  the  galvanic  stream.  We  were  the  more  hopeful, 
from  the  fact  that  on  a  previous  occasion  we  had  treated  successfully,  by  general 
electrization  with  the  faradic  current,  a  lady  suffering  from  this  form  of  neuralgia,, 
bat  of  ft  less  aggravated  character. 

So  far  as  regards  the  treatment  of  this  case,  the  poitit  of  particular 
interest  lies  in  the  fact  that  the  galvanic  current  was  of  value,  while  the 
faradic  was  wholly  inoperative.  By  the  use  of  the  galvanic  current  the 
pain  was  immediately  relieved,  the  digestion  was  strengthened,  and  the 
appetite  sharpened. 


Ahdominai  neuralgia  of  an  aganiung  character,  associattd  with  muscular  spasmt 
^•Decided  temporary  relief  from  local  galvanisation — Subsequent  imprffvemrmi 
which  possibly  might  in  some  measure  have  been  due  to  the  secondary  effects  of 
treatment. 

Case  XLI. — Mrs.  H.,  who  suffered  from  most  agonizing  abdominal  neuralgia,  waa 
referred  to  us  in  April,  1S71.     The  complications  in  this  case  were  peculiar. 

The  paroxysms  of  pain  were  associated  mth  spasmodic  conlraclions  of  the  al>domi 
oal  muscles  of  sucli  severity  as  to  necessitate  the  constant  use  of  subcutameoos  {njec> 
iions  of  morphia. 

Ten  years  ago  the  patient  miscarried,  and  for  two  years  thereafter  she  was  annoyed 
occasion.-illy  by  slight  neuralgic  pains.  Menorrhagia  now  supervened,  and  after  ex< 
isting  two  years  it  was  apparently  cured,  and  for  eighteen  months  slie  enjoyed  fair 
health.  During  the  last  two  years  mcastruatioti  had  recurred  but  two  or  three  time%. 
•ad  her  sufferings  were  terrible.  She  was  taking,  by  .subcutaneous  injection,  eight 
grains  of  morphine  daily,  and  so  persistently  had  it  been  administered  that  hardly  • 
point  on  her  body  or  limbs  could  be  found  that  was  not  of  that  peculiar  hard  char- 
acter, the  result  of  the  repeated  operations.  There  was  uterine  displacement  associ 
ated  with  local  complications,  of  the  character  of  which  wc  arc  not  informed.  Our 
ireatraeut,  begun  Feb.  as,  1871,  was  external  and  local,  with  an  occasional  general 
appUcatiou  of  the  faradic  current.  EleclrLeation,  on  the  whole,  did  not  accompUab 
dckled  permaaeal  ^ood,    unless  the  results  observed  after  the  cessation  ofour  treat 
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ment  mttt  in  a  memsare  secondary  to  the  electric  itimulas.  The  patient  certainh 
gained  immensely  during  the  following  year.  Temporarily  local  galvanization  was  of 
much  lOTice.  It  frcquenlly  induced  sleep,  reduced  the  intensity  of  the  paroxj'soBal 
|>alns,  and  often  rendered  tier  more  comfortable  during  the  intervening  periods. 

Stvtre  gastralgia  0/  fourteen  years'  standing — Perioditat  aitacAs  at  nigJU-' 
Rapid  anj  permanent  cure  under  central  galvanitatian  after  failure  «f  fara 
ditation. 

Case  XLII. — Dr.  S.  J.  H.,  a  physician  aged  ahout  36  years,  consulted  us  in  the 
autumn  of  1870.  For  fourteen  years  he  had  suffered  from  attacks  of  gastralgia  of  a 
most  violent  character ;  these  attacks  came  on  usually  at  night,  white  in  bed,  after 
midnight,  before  or  about  two  o'clock ;  the  attacks  would  last  sometimes  several^ 
hours,  and  the  pain  was  of  the  most  distressing  character.  Of  the  various  methodi 
of  relief  that  he  had  used^  alcoholic  liquors  seemed  to  be  the  most  efficadous,  but  the 
resjnte  they  caused  was  only  temp>orary.  The  appearance  of  the  patient  suggested 
robust  health ;  nutrition  was  well  maintained,  and  the  functions  were  generally  well 
performed. 

Examination  gave  little  information.  Disease  of  the  heart  had  been  suspected,  but 
the  careful  and  repeated  examinations  of  Dr.  Thayer  established  the  fact  that  there 
was  no  disease  of  that  organ.  Tenderness  of  the  epigastrium  in  one  spot  sometimes, 
bat  not  always,  existed.  We  suggested  central  galvaniiation.  The  patient  had  pre- 
viously tried  faradization  without  any  benefit.  We  had  little  hopes  of  helping  the 
patient ;  the  persistency  and  fixity  of  the  symptoms  and  their  periodicity  gave  an 
unfavorable  prognosis,  and  only  by  our  urgent  solicitations  did  the  doctor  allow  us  to 
experiment  on  liim. 

Treatment  by  central  galvanization  was  commenced  January  3,  1871,  and  was  kepi 
«p  for  two  months,  two  or  three  times  weekly.  In  less  than  two  w«:eks  benefit  was 
apparent ;  the  periodicity  and  violence  of  the  attacks  were  somewhat  modifiedi,  and 
in  a  month  it  was  evident  that  the  disease  would  yield  more  or  less  permanently  to  the 
treatment.  Occasional  relapses  occurred,  as  always  in  similar  cases,  reminders  of  the 
former  sufi'erings,  showing  that  the  evil  spirit  was  not  wholly  cast  out ;  but  in  three 
mouths  from  the  time  the  treatment  was  commenced,  the  patient  regarded  himself  as 
wdL 


Three  years  have  elapsed,  and  the  patient  is  still  well,  although  cri- 
nged in  laborious  duties.     The  features  of  chief  interest  in  the  case 
'  were  these  : 

The  superiority  of  central  galvanization  over  faradization, 
2,  The  permanency  of  the  core  of  such  a  long-standing  affection. 
Sciatica, — In  the  treatnaent  of  sciatica  by  electrization  very  mucb 
depends  upon  the  care  with  which  the  current  is  applied.  An  ill-di- 
rected, too  prolonged  application,  or  the  use  of  a  current  the  mechani- 
cal effects  of  which  are  unduly  marked,  frequently  results  in  more  harn> 
than  good  In  sciatica,  the  pain,  as  a  rule,  closely  follows  the  course 
of  the  nerve,  and,  tlierefore,  in  the  majority  of  instances  the  disease  i» 
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typical  of  true  neuralgia.  The  effects  of  fara^zation  in  these  cases  are 
undoubted}  and  in  our  hands  have  sometimes  proved  far  more  effi 
cacious  than  galvanisation. 

It  cannot  be  too  frequently  repeated,  that  in  sciatica  the  faradic  cur- 
rent is  callable  of  doing  infinite  harm  if  ignorantly  used  or  over-used, 
but  that  if  applied  with  that  caution  and  skill  which  experience  alone 
can  give  it  generaDy  relieves. 

It  is  in  just  such  conditions  as  tiiese  that  the  character  of  the  cixrrent 
for  fineness  and  evenness  is  all-important,  and  these  factors  are  found 
combined  in  a  higher  degree  in  Kidder's  single-coil  machine  than  in 
any  other.  On  account  of  the  great  caution  that  must  be  exercised  in 
the  treatment  of  sciatica  by  faradization  it  is  probable  that  beginners  may 
tiere  achieve  greater  success  through  the  use  of  mild  galvanic  currents. 
The  muscular  atrophy  that  sonietinies  follows  sciatica  may  be  treated 
by  localized  faradization.  Whichever  current  is  used  the  application 
should  be  made  both  over  the  lower  part  of  the  spine,  to  act  upon  the 
roots  of  the  nerves,  as  well  as  over  the  course  of  the  nerve  in  the  leg. 

Galvano-Puncture, — We  have  recently  attempted  the  treatment  of 
sciatica  by  electro-puncture. 

The  needle  may  be  insulated  or  not ;  should  be  bayonet-shaped,  so 
as  to  go  in  easily,  and  may  be  inserted  far  enough  to  touch  or  penetrate 
the  nerve.  The  moment  when  it  so  penetrates  or  even  touches  will  be 
revealed  to  the  patient  by  a  tingling  or  pricking  sensation  through  the 
leg. 

The  needle  thus  introduced  should  be  connected  with  the  negative 
pole ;  but  two  to  four  cells  should  be  used,  and  the  current  should 
be  continued  but  a  few  minutes. 

Sfiitre  and  obstinate  tciatiea  exdted  by  obitnution  of  the  bowelt — Relief  and  ttfm 
improvement  under  localised  gulvanization  with  moizttned  sfonges^  with  tkt 
metallic  brushy  and galvatu-puncture. 

Case  XLIII. — Mr.  K,,  aged  39  years,  was  referred  to  us,  March  3,  1873,  W  ^^' 
Conkling.  The  patient  had  been  occupied  by  various  and  complex  affairs,  and  had  been 
for  years  bearing  the  burdens  of  ten  roetu  His  vacations  had  been  few  and  bis  boon 
of  labor  many,  and  be  had  fallen  into  a  condition  of  profound  neurasthenia.  He  had 
suffered  from  gastralgta  of  a  most  violent  character,  for  which  opiates  had  been  quite 
-freely  given  ;  ani  constipation  and  hardened  faeces  had  resulted  that  had  caused  obstruc- 
tion of  the  bowels,  which  was  relieved  only  with  difficulty  and  by  tnechaaical  naean&, 

The  sciatica  of  one  side,  from  which  the  patient  was  suffering  when  we  were  called 
-in,  seemed  to  be  of  a  reflex  character  from  the  cons'ipation.  The  pain  was  fearful, 
and  there  was,  of  course,  lameness  and  atrophy  of  the  muscles  of  the  1^.  At  tisica 
excessive  h)'pcricsthesia  appeared  over  the  thigh,  especially  in  the  re;gioa  of  the  idatk 
«erYe,  sad  there  was  gmt  tendernesa. 
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We  tried  wions  methods  of  electrization ;  general  farsidization,  for  the  patkat 
was  much  debilitated;  localized  faradization  with  sponges  and  with  the  metallic 
brush ;  central  galvanization,  localized  galvanization,  and  galvano-ptinctore. 

Localized  galvanization  with  currents  of  medium  strength,  and  continued  for  an  hooj 
or  so  just  as  the  pjalient  had  retired  for  the  night,  seemed  to  be  more  efiicaciout  than 
any  other  method  or  manner  of  treatment.  Almoist  always  it  soothed  the  pain,  re- 
laxed the  stiff  and  aching  muscles  and  this  relief  would  last  for  hours,  perhaps  give 
a  good  night's  sleep.  The  proceeding  was  to  place  one  pole  on  the  spine,  and  to  pass 
the  other,  t^ithont  regard  to  the  direction  of  the  current,  up  and  down  over  the  region 
of  the  sciatic  nerve. 

A  few  times  we  tried  galvano-puncture  with  insulated  and  non>insalated  needka. 
The  needles  were  thrust  m  quickly  and  firmly  until  they  came  near  the  nerve,  and 
aometimes  they  touched  it,  as  was  evidenced  by  the  tingling  and  pricking  sensattoiH 
excited  that  were  felt  down  the  leg.  The  punccn'es  were  made  on  various  pointi 
down  the  back  part  of  the  thigh.  No  anaesthetic  was  used,  but  once  or  twice  local 
anesthesia  by  means  of  carbolic  acid  and  ether. 

We  were  persuaded  that  this  treatment  by  puncture  did  good ;  that  it  gave  the 
patient  a  start,  and  enabled  the  external  galvanization  to  do  its  work  at  better  advan> 
tage.  The  patient,  though  a  man  of  strong  will  aud  decision,  terribly  dreaded  th# 
thought  of  the  needles,  and  we  were  obliged  to  abandon  their  use.  The  needles  were 
•Iwa/s  connected  with  the  n^ative  pole,  the  positive  being  applied  externally  by  a 
flpoDge  or  doth  cover. 

This  case  was  treated  off  and  on  for  four  months,  and  with  slow  and 
not  very  steady  improvement.  Il  was  a  long  time  before  the  patient 
could  ride  or  sit  long  without  causing  paiin.  In  a  few  weeks  he  com- 
pletely recovered. 


StiatUa  from  strain^  of  several  vtonth^  duratien — Immediate  improvement  under 
general  faradization  and  localised  galvanitatioH — Subsequent  relapse  and  final 
recovery. 

Casi  XLIV. — Mr.  W.,  aged  about  40,  was  referred  to  u&  by  Dr.  C  £.  Bucking* 
ham,  of  boj^ion. 

The  patient  liad  been  suffering  for  several  montlu  from  severe  pains  along  the  com  le 
of  the  sciatic  nerve.  He  had  not  been  especially  exposed  to  cold,  and  as  the  symp- 
loms  came  on  suddenly,  he  could  only  attribute  the  disease  to  the  unusual  exertion 
of  lifting  a  heavy  trunk  a  short  time  previously. 

The  limb  had  atrophied  somewhat,  and  the  general  health  of  the  patient  wassome> 
what  impaired.  He  was  submitted  to  general  faradization  and  to  galvanization  of 
the  affected  limb.  A  dozen  applications  resulted  in  very  great  alleviation  of  the 
severe  pain  which  had  for  so  long  a  time  distre>5ed  him,  and  we  felt  hopeful  of  a  speedy 
recovery.  Unfortunately  tlie  patient  exercised  too  freely  in  walking  one  day,  and  in 
addition  probably  took  some  cold.  At  all  events  the  neuralgia  returned  in  fidl  force, 
and  so  discouraged  the  patient  that  he  almost  immediately  sailed  for  Europe,  when 
after  a  number  of  months  be  recovered. 

The  value  of  the  fvadic  current  is  illustrated  in  the  foUowmg  case : 
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Stmeiem  a/  uverm:  mamUf  dmrmtim  mtuafmB^  tnmUdif  fm 

Case  XLV.— Aa  old  geDttenait,  tged  76.  was  seat  to  as  by  Dr  F.  Elb'oC  to  hg 
treated  for  a  comitfioa  of  general  paresis^  aaKxriated  wilb  which  ws»«aev«xe  oeura^ia 
or  Che  sciatic  nenre  in  both  limbs  which  had  dBCicsed  him  fur  a  oonber  of  nMOths. 

Tiere  was  a  lock  of  co.ordinatiii]s  power  a  locomotion,  together  with  <iecided  aiuB- 
thesia  of  both  upper  and  lower  taXxmSata.  The  left  foot  and  ankie  were  enor- 
oiousljr  swoQen,  and  in  tbb  limb  the  pain  was  far  more  severe  than  in  the  other. 

The  patient  was  treated  by  general  and  local  Earadiiation ;  and  in  the  conrse  of 
seven  applications  the  swelling  nearly  sobsided,  and  the  neoral^awas  quite  sobdoed. 
The  patient  subsequently  died  from  cerebnL  effosioa. 


Seimtkj»/«iltmiMf  prttsmrt  0/  tk*  ckiUf*  ^r*^  rf  fr  *"\    I'f^rr     f  irrrrffinf  jn  T\m  m  iwm 
£m  itftUsmtd  iy  mitnnaiian  af  pain  otatf  retootry. 


Cass  XLVL — Mrs^ >  Aged  aboat  40,  was  confined  in  March,  1873.  and  aft! 

frcsl  niJlering.  and  by  the  u««  of  the  forceps  she  was  delirered  of  a  sf  tU-bom  diild. 
Tlucmgh  the  laiimin.  of  the  dlBd^a  head  the  nerves  had  sostainad  serious  shock, 
^  many  days  before  iceiag  \tf  Ae  had  endored  the  most  severe  neuralgic  paJns  in  the 
left  limU 

Nothing  secfDcd  to  gyve  more  than  temporary  relief,  and  at  the  time  that  wc  were 
sent  fur  by  her  phjuiriij  Dr.  OKver  White,  the  onset  of  hysterical  symptoms  ren. 
dered  the  patient  a  aM»t  pttidble  object.  It  was  with  difficulty  that  she  could  be  in> 
dnced  to  sabmit  to  treatment,  but  finally  a  mild  application  of  localixed  galvaniiatioa 
was  admincttered,  and  seemed  to  be  soothing  in  its  effects.  The  total  number  of  ap« 
pJicatiuBs  given  was  eight,  and,  with  the  excepdoo  of  one  s*iince  which  was  followed 
by  increased  poia,  every  treatment  resulted  in  m  aileviatioa  of  suflfering.  and  finall/ 
recovery  «M  ooaiplete. 

The  pMa  ^d  not  entirely  left  ber  when  tbe  gilnuuxation  was  diMxmtinued,  but 
l^rew  les  and  ioa  every  day  for  a  wedc  or  10  mix3  Imt  fiaib  was  in  good  coaditioa. 

Dr,  V.  P.  Gtbney,*  of  New  York,  has  reported  the  results  of  32  cases 
of  sciatica,  treated  by  the  "  Strong  galvanic  current "  :  24  received  im- 
mtrdiate  tem|>orary  relief.  3  were  moderately  benefited,  and  5  received 
no  relief;  16  were  permanently  cured  without  a  relapse,  7  relai>sed.  but 
subsequently  improved.  The  further  histories  of  5  cases  were  not 
traced.     About  thirty  Leclanche  elements  were  employed. 

Riflex  Neuralgia,  —The  term  reflex,  as  applied  to  paralysis,  is  at  once 
common  and  suggestive.     In  the  same  way  it  is  applicable  to  neuralgia. 

As  in  children  paralysis  frequently  follows  the  irritation  of  teething 
or  d)-senler)',  and  in  older  persons  that  of  urinar)*  disease,  so  neuralgia 
of  distant  parts  may  result  from  uterine  and  other  disorders.  Neural- 
gia  of  the  fifth  pair,  caused  by  a  carious  or  false  tooth,  is  a  common  and 
well-known  reflex  result  of  mechanical  irritation.  The  treatment  of 
reflex  neuralgia  is  by  no  means  so  empirical  as  that  of  the  peripheral 
variety.  If  a  carious  tooth  is  at  the  root  of  the  evil  it  must  be  removed. 
*  Transactions  of  Am.  Med.  Association  for  188a 
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If  the  cause  can  be  traced  to  uterine  disease,  the  skill  of  the  ^ne^ 
cologist  is  called  for.  Occasionally  electrization,  through  its  power  of 
subduing  local  irritation  or  inflaniraation,  effectually  relieves  the  remote 
tictiralgic  pain,  of  which  the  irritation  or  inflammation  is  the  cause. 

Neuralgia  of  left  leg,  apparently  proceeding  from  ovary — Retcvery. 
Casb  XLVII.— In  the  case  of  a  young  lady  who  had  suffered  for  several  nionth<cfroin 
4be  most  itevere  neuralgic  pains  down  the  left  leg,  tactile  examination  revealed  very 
marked  tenderness  to  pressure  in  the  left  ovarian  region.  No  other  portion  of  the 
TxKly  was  especially  susceptible  to  the  touch.  It  is  proper  to  state  that  the  patient 
•was  not  at  all  hysterical,  that  exercise  aggravated  the  pain,  and  that  the  neuralgia  of 
the  limb  was  in  proportion  to  the  tenderness  over  the  ovary.  She  was  immediately 
I  relieved  by  localized  faradization,  and  completely  recovered  in  the  course  of  six  weeki, 
after  having  received  twelve  applications. 

Neuralgia  in  the  ovarian  region,  over  the  abdamen,  and  extending  down  the  limis, 
»f  several  years'  duration — Complete  relief  under  general  faraditation^ 

Cass  XLVIII. — Miss  L  ,  about  23  years  of  age.  and  a  patient  uf  Dr.  p-rederic  D. 
Lente,  had  for  several  years  suffered  much  distress  from  a  neuralgic  affection  of  the  ab- 
<lomen  and  lower  extremities.  The  pain  was  especially  severe  and  constant  in  the  region 
■of  either  ovary.  According  to  the  Dr.,  uterine  difficulty  evidently  existed  ;  but  as  local 
treatment  was  out  of  the  question,  and  as  the  ordinary  external  and  internal:  remediei 
bad  been  used  wiihoul  much  benefit,  we  were  requested  by  Dr.  Lente  to  test,  in  her 
<ase,  the  effects  of  electrization.     Simple  general  faradization  proved  most  efiicacioos. 

Some  dozen  applications  sufiBced  to  dissipate  completely  the  pains  from  which  she 
«aflered  and  to  markedly  improve  her  general  condition. 

A  year  subsequently  the  above  patient  was  annoyed  again  by  the 
«ame  symptoms,  but  a  short  course  of  the  same  method  of  treatment 
felieved  her  a  second  time. 

Galvanic  belts  and  disks  for  the  treatment  of  neuralgia  have  been 
recommended  by  Hiflfelsheim.  He  applies  the  belts — either  Pulvei- 
macher's  or  Davies' —moistened  with  vinegar,  to  the  painful  locality, 
and  allows  them  to  remain  there  for  days,  weeks,  and  even  months 
Although  HifiFelsheim  reports  some  good  results  from  these  applications, 
yet  it  must  be  admitted  that  there  is  as  yet  no  sufficient,  reliable  evi- 
dence that  they  have  succeeded  where  galvanization  or  faradization 
<ias  failed,  or  that  they  have  any  positive  advantage  whatever,  except, 
perhaps,  for  those  who  are  so  situated  that  they  cannot  receive  ordinary 
treatment-* 

*  The  therapeutic  resulu  obtained  by  wearing  galvanic  chains,  belts,  dislis,  iole% 
girdles,  etc.,  must  depend  on  the  manner  of  their  construction  and  application. 
Many  of  those  which  are  sold  in  the  stores  and  extensively  and  iadiscriminalely  used 
by  the  laity,  are  so  arranged  that  the  feeble  currents  which  they  may  generate  faiJ  te 
make  a  circuit  through  the  body,  and  recombinc  in  the  metals  themselTcs. 
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The  objcctioai  to  «od  disadvantages  of  this  method  of  treatment  it 
THiJ%ia,  ^  in  all  other  xffectioas  for  which  it  has  been  so  widelj 
eta^iofed,  are  tbese  : — 

I.  Hie  cncrent  viuch  tbejr  geacffate  h  very  feeble  and  inconstant^ 
and  probabij  does  hoc,  except  mider  peculiarlf  favorable  circumstances,. 
peoetntte  fir  beneadi  tfae  eptdernus. 

JL  fhtf  am  ctJtf  be  naed  locallf.  Many  of  the  symptoms  for 
wfhkh  tbef  are  oed  areof  »  tomtimtioual  character,  and  can  only  be 
pexaanendj  diipdled  by  measures  caknlated  to  affect  the  whole  sys- 
tem. 

3.  They  are  osuaUy,  and  soaactiBaes  necessaxily,  applied  to  the 
am  of  Ibe  pais  mfaer  dMB  lo  dM  seat  of  the  disease.  In  galvanizatioa 
and  &Tadiratkm  Sat  local  neuralgia*  it  s  fooad  dat  the  best  results  are 
obcained  bj  treating  the  seat  of  the  disease. 

4.  They  sometimes  caase  aloecs  thai  lewre  pennuent  cicatrices. 
The  beneht  that  is  derived  from  dtem  is  probabfy  doe  iu  part  to  their 

tnflueoce  on  the  iroaginatjon. 

These  afgnments  against  the  ttse  of  pdvanic  belts  would  be  valueless, 
if  experietKre  coold  demonstrate  from  their  use  any  great  utility  or  any 
very  positive  advantage. 

It  is  not  impossible  that,  tn  Ibtnre  inpcovements  in  the  construction 
of  these  belts  azMl  chains*  and  ukore  yicmtiir  eieperiments  in  their  use, 
we  may  develop  advantages  from  tbem  iriacb  they  have  thus  far  failed 
to  exhibit,  and  may  accord  to  them  a  position  in  electro  therapeutics 
to  which,  frota  the  results  of  the  post,  they  are  not  entitled. 

The  fact  that  they  have  thus  far  been  used  almost  exclusively  by  the 
laity,  and  have  been  made  the  theme  o(  noisy  advertisements,  so  far  from 
discouraging,  should  rather  stimulate  men  of  science  who  have  any  faitb 
in  their  efficacy  to  rigidly  investigate  and  interpret  their  claims  to  a 
position  among  the  appUances  of  electro-therapeutics. 

Those,  however,  who  experiment  with  these  contrtvaaces,  should 
remember  that  the  mechanically  irritating  effects  of  metallic  bands 
applied  to  the  tender  skin  are  not  inconsideTable,  and  that  the  thera- 
peutic results  which  appear  to  follow  their  application  may  c  ot  unlikely 
be  due  wholly,  or  in  part,  lo  f^mm/cr-irritafwH, 

{F9r  fyriKgr  remarks  int  tkix  atbjtct^  set  JffC^pM.) 
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LNASTHESiA  is  dcrivcd  from  a,  privative,  and  ourdtmyMu,  to  perceiv«, 
and  therefore  literally  signifies  a  deprivation  of  sensation.  It  is  a  symp- 
tom of  some  organic  or  functional  disease  of  the  central  or  peripheral 
nervous  sy&tem.  The  kinds  of  anaesthesia  are  as  various  as  are  the 
nerve  ramificarions,  and  tbe  symptoms  that  accompany  it  are  modified 
by  the  locality  and  causation  of  the  disease.  All  forms  of  anaesthesia, 
as  of  paralysis  of  motion,  may  for  the  sake  of  convenience  of  descrip- 
tion be  classified  under  these  four  general  divisions :  Constitutioindf 
central,  peripheral,  and  reflex. 

There  are  bve  kinds  of  sensibility,  all  of  which  are,  of  course,  modi 
fications  of  general  sensibility,  and  all  of  which  may  become  diminished 
by  disease  : — 

I.  Tactile  sensibility, — This  is  the  form  which  is  most  frequent,  aad 
best  appreciated.  Diminution  or  loss  of  this  sense  is  osoally  known  as 
anasthesia. 

2. — SensUHily  to  temperature — heat  and  cold. 

3.  Sense  of  pressure  or  weight. 

4.  Sense  of  pain, — This  is  quite  distinct  from  tactile  sensibility,  widi 
which,  on  superfidal  observatioQ,  it  is  often  confounded.  The  lost  of 
this  sense  is  called  analgesia.  These  different  kinds  of  sensibility  may 
be  very  unequally  affected  by  disease.  One  form  may  be  entirely 
destroyed,  while  tbe  others  remain  intact  Thus,  while  tactile  sentt- 
bility  is  perfect,  the  prick  of  a  needle,  when  thnist  into  tbe  flesh,  is  not 
felt     In  such  cases  there  'is  analgesia^  bvt  not  muBtthesiA, 

5.  Farado-sensihility. — ^Tlais  form  of  sensibility  appean  to  be  Hfi- 
ciently  distinct  to  entitle  it  to  special  mention.  Farado^eMibility  oh^ 
be  quite  active  when  tactile  senabilily  is  OMch  dimioisbed. 

The  diagnosis  of  ansestfaesu,  except  in  very  delicate  cases,  is  «fi- 
ciently  easy. 
B        The  degree  of  nonoal  ywihility  to  tactile  imprrianni  vanes  widely 
H     in  different  parts  of  tbe  body.     It  is  neceiury  to  bear  this  £ut  inaiodL 
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f)atients,  whatever  may  be  the  cause  on  which  their  symptoms  depend^ 
arc  more  or  less  debilitated,  and  are  benefited  by  tbe  constitutional 
tonic  effects  of  general  electrization.  In  cases  of  anaesthesia  that  are 
■dependent  on  lesion  of  the  central  nervous  system,  central  galvaniza- 
tions is  sometimes  indicated.  Obstinate  cases  of  a  localized  character 
are  well  treated  by  the  electric  brush.  Anaesthetic  patients  will  gener- 
ally bear  strong  currents  in  proportion  to  the  extent  of  the  ajiaesthesia 
with  benefit  and  without  injury.  Some  temperaments  that  do  not  feel 
the  current  during  the  application  may  yet  experience  unpleasant  re- 
active eflfects. 

Prognosis. — ^The  prognosis  in  anaesthesia,  waiving  for  the  moment  all 
questions  of  causation  or  pathology,  is  usually  very  favorable,  and  be- 
yond comparison  more  favorable  than  that  of  paralysis  of  motion. 

One  reason  for  this  difference  is  that  anaesthesia  is  an  earlier  syrap. 
torn  of  organic  disease  of  the  nervous  system  than  motor  paralysis, 
and  is  therefore  sooner  treated.  But  we  continually  observe,  even 
when  the  two  conditions  coexist,  as  is  so  frequently  the  case  in  cen- 
tral, spinal,  and  peripheral  paralysis,  that  the  anaesthesia  yields  much 
sooner  and  far  surer  than  the  paralysis  of  motion. 

The  discussion  of  the  interesting  physiological  questions  suggested 
by  these  observations,  though  somewhat  enticing  and  suggestive,  does 
not  come  within  the  scope  of  the  present  work. 


An^stluria  of  aHterior  region  of  right  thigh,  of  traumatic  origin,  of  ten  /Mf/ 
standing — Permanent  recovery  under  localiud  faradiuttion. 

Case  XLIX  — Mr.  H.,  a  stoat,  vigorous  man  aged  29  years,  was  sent  to  us  by 

Dr.  H.  Gregory,  of  Harlem,  to  be  treated  for  anjestbe&ia  (which  had  annoyed  him  for 
many  years)  of  the  anterior  portion  of  the  ri^ht  thi^^h.  The  only  possible  canst 
to  which  we  could  refer  the  symptoms  was  an  incised  wound  that  he  had  received  in 
the  thigh,  near  the  great  trochanter,  some  ten  years  previously. 

The  patient  could  not  positively  state  that  the  paralysis  of  sensation  immediately 
followed  the  injury,  since  the  anaesthesia  was  not  so  noticeable  as  at  a  later  date. 
The  part  hod  become  so  insensible  to  ordinary  impressions,  that  it  was  necessary  to 
teparate  the  points  of  a  pair  nf  compasses  some  45  to  50  lines,  before  two  impres- 
sions were  received.  The  pricking  of  a  pin  caused  no  sensation,  and  even  when  the 
pomt  pcDctrated  several  lines  beneath  the  surface,  no  pain  was  experienced. 

Dtadpalion  In  eating  and  drinking,  unusual  exercise  and  lo«s  of  sleep,  invariably 
aggravated  the  disorder.  The  first  application  of  the  faradic  current — made  down 
the  spine  and  to  the  affected  limb — very  markedly  relieved  the  anaesthesia,  and  after 
Che  third  application  the  limb  was  restored  to  its  normal  sensibility.  At  the  fourth 
irisit  he  complained  that  the  part  had  partially  relapsed  into  iu  former  ana:<>tbetic  coa< 
iition,  but  accounted  for  it  from  the  fad  tiiat  he  had  ipcat  nio«t  of  the  pceyiows 
aight  at  a  social  gathering. 
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tnnder7,  and  her  daily  Iwbot  extended  over  a  period  of  from  twelve  to  fourteen  he  on. 
As  a  natural  consequencei  her  general  health  had  become  somewhat  impatr<  J. 

Her  menstrual  function  was,  however,  performed  regularly  ;  and^  although  her  di* 
gestion  seemed  to  be  vigorous,  she  was  nervous  and  amemic 

She  gave  the  following  account  of  herself :  Some  six  months  previously,  she  no- 
ticed, at  the  close  of  a  day  of  hard  labor,  and  after  exposure  to  a  cold  biting  wind,  a 
slight  feeling  of  numbness  in  the  right  side  of  the  face.  This  numbness  rapidly  in- 
creased, until  in  a  short  time  the  aniesihesia  was  complete.  On  examining  the  face 
it  was  found  that  the  roouth  was  drawn  somewhat  over  to  the  right  side.  There  waj 
slight  ptosis  of  the  left  eyelid,  and  the  left  cheek  was  flaccid.  The  want  of  expres- 
sion Mras  quite  marked  on  the  aflected  side,  and  contrasted  strongly  with  the  right 
side  when  she  laughed,  or  entered  into  conversation.  She  was  entirely  insensible  to 
ordinary  impressions  on  the  left  side  of  the  face,  and  the  anaesthesia  extended  to  Ibc 
It/i  rufstril  ami  Ihe  internal  surface  of  the  check. 

The  sensation  and  movement  of  the  tongue,  and  the  power  of  taste,  were  anim- 
paired.  Local  applications  of  the  faradic  current  were  given  every  day  or  two,  but 
for  some  little  time  no  impression  seemed  to  be  made  on  the  diseased  nerve. 

It  was  only  after  treatment  had  been  continued  two  weeks,  and  some  eight  appU- 
eations  had  been  given,  that  any  sensitiveness  to  the  current  was  manifest  along  the 
cooise  of  the  &fth  pair.  The  improvemeat,  however,  from  this  time,  Although  slow, 
was  constant. 


In  this  case  the  rule  that  the  anaesthesia  improves  more  rapidly  than 
the  paralysis  of  motion  was  reversed. 

The  anaesthesia  improved  but  little  until  the  face  assumed  its  natural 
proportions,  when,  in  a  short  time,  the  normal  sensation  entirely  re- 
turned. The  treatment  was  continued  during  two  months.  In  most 
cases  of  anxsthesia  of  the  trigeminus,  related  by  Romberg,  the  loss  of 
sensation  was  so  marked  that  deep  pricking  with  a  needle  caused  no 
pain,  while  in  this  case  the  anesthesia  was  limited  to  the  skin  and 
mucous  membrane.  Anaesthesia  of  the  fifth  pair  of  nerves  may  be 
peripheral  or  central ;  in  the  latter  case  there  is  coincident  paralysis  of 
the  nerves  of  motion  and  sensation,  and  hemiplegia,  more  or  less  com- 
plete, is  often  present. 

The  diagnostic  symptoms  of  this  variety  of  paralysis  differ,  according 
as  the  seat  of  the  disease  is  located  in  the  course  of  the  various  ramifi- 
cations of  the  fifth  pair,  after  it  leaves  the  sphenoid  bone,  or  in  the  Ca»- 
serian  ganglion,  or  at  the  base  of  the  brain. 

The  symptom  of  anaesthesia  occurs  in  many  forms  of  paralysis  of 
motion — hemiplegia,  paraplegia,  and  so  forth — and  many  cases  will  be 
found  under  those  diseases.  Anaesthesia  occurs  also  in  writer's  cramp 
and  in  locomotor  ataxia,  where  it  is  a  prominent  symptom.  In  all  the 
cliseases  where  it  exists  as  an  incident  or  complication  it  is  to  be  treated 
on  the  same  principles  as  where  it  exists  as  the  sole  or  leading  symptom. 
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I.  CooithutMmaL 

t.  CentraL 

3.  PeripiKral. 

4.  Reaex. 

ConstituiioncI  Paralysis. — This  tenn  b  applied  to  diose  psnlfses 
vrhich  arise  from  some  blood-poison  or  coBsdtutioQal  degeneiatioa. 

Among  the  more  common  causes  of  this  vaiiety  of  paraljrsas  mar  be 
mentioned  hysteria  and  the  poisons  of  certain  diseases,  as  gout,  rhec 
matism,  syphilis,  mineral  poisons,  as  lead  and  opium,  etc 

Rheumatic  Paralysis. — In  the  partial  but  persistent  paralysis  thai 
occasionally  follows  subacute  muscular  rheumatism,  faradization  has 
proved  exceedingly  efficacions.     The  muscles  most  frequently  afifected 
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by  rheumatic  paralysis  are  the  deltoid  and  trapezius  (in  consequence 
of  which  it  becomes  impossible  or  difficult  to  lift  the  arm  from  the  side), 
the  extensor  muscles  of  the  forearm,  the  muscles  of  the  lower  extrem- 
ities, and  occasionally  the  inter-ossei  and  Itimbricales  muscles. 

Eiectro-Diagnosis^TreatmmL — The  electro-muscular  contractility 
in  recent  cases  is  normal ;  in  long-standing  cases,  diuiinished.  General 
as  well  as  purely  local  treatment  is  frequently  required  in  paralysis  of 
a  rheumatic  origin,  in  order  to  combat  the  rheumatism  in  the  constitu- 
tion, as  well  as  its  local  manifestations  (see  chapter  on  Rheumatism). 

In  this,  as  in  other  forms  of  paralysis,  atrophy  of  the  muscular  tissue 
occurs  after  a  certain  length  of  time.  It  is  extremely  important  to  begin 
treatment  before  the  muscles  become  thus  affected.  In  cases  of  rheu- 
matic paralysis,  where  the  invasion  has  been  sudden  and  the  pain  con 
siderable,  electric  excitation  produces  pain ;  but  where  the  invasion  has 
been  more  gradual  and  unattended  by  pain,  electric  excitation  causes 
very  little,  if  any  sensation. 

Hheumatu  /aralysu  of  deltoid ^  of  several  tnontks'  standing—  fieeavery  under  gettermt 
and  locaiued  faraditaiioH. 

Case  Ltl. — A  patient,  a  young  laJy  ageJ  23,  lio^J  been  unable  to  raise  her  hand 
from  her  side  for  several  monthi  Tlie  access  uf  ihe  rlieumatism  was  ^p-adual,  and 
anatteiided  by  acute  pain,  excepting  when  pressure  was  made  over  the  afTccted  nitts- 
cle,  or  when  she  attempted  to  rai-ie  the  arm.  An  application  of  the  faradic  current 
caa!«d  jjain  only  when  it  was  sufficiently  intense  to  produce  contractions. 

The  muscle  rapidly  became  less  sensitive  to  the  influence  of  the  current,  and 
gradually  r^ained  its  lost  power.  The  restoration  of  stren^h  was  complete  in  two 
weeks. 

We  have  treated  quite  a  number  of  cases  of  rheumatic  paralysis  of 
the  deltoid,  the  trapezius,  and  of  the  lower  extremities,  and  usually 
with  the  most  satisfactory  results.  Electricity  is  always  indicated  ia 
this  condition,  and  few  cases,  doubtless,  would  fail  to  improve,  even  if 
they  do  not  recover  under  its  influence. 

Syphilitic  Paralysis. — Syphilitic  nervous  affections  may  exist  eithet 
with  or  without  appreciable  structural  change.  Paralysis  which  result* 
from  secondary  syphilis  may  derive  benefit  from  electrical  treatment 

The  ])rinciples  and  method  of  treatment  are  the  same  as  for  rheu- 
matic paralysis.  There  is  as  yet  no  evidence  that  general  faradization 
or  central  galvanization  have  any  special  influence  over  the  syphilitic 
poison  ;  they  act  as  general  tonics  and  thus  help  the  s}'stem  to  contend 
witli  the  disease. 

Lea/i  ParaJysis, — In  slow  poisoning  by  lead  the  metal  becomes  di(* 
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fused  throughout  the  whole  system,  and  exerts  its  influence   though  ir 
an  unequal  degree,  on  every  nerve  and  organ. 

As  is  well  known,  however,  the  upper  extremities  are  most  frequentlj 
affected  by  paralysis  (more  or  less  complete).  The  muscles  usually 
affected  are  the  extensors  of  the  hands  and  fingers,  so  that  they  hang 
down  by  their  own  weight.  It  is  probable  that  these  muscles  arc 
chiefly  affected  in  this  disease,  as  in  hemiplegia,  because  they  are  weakei 
and  operate  at  a  great  mechanical  disadvantage. 

Rlectro  Diagnosis  and  Treatment. — The  electro-muscular  contractil- 
ity of  the  affected  part,  in  this  form  of  paralysis,  is  always  diminished  ; 
and  frequently  it  is  entirely  lost,  even  in  cases  where  there  is  little  or 
no  atrophy  of  the  muscles.  The  electro-iuuscular  sensibility  is  usually 
unimpaired.  Diplegic  contractions  may  appear  in  this  disease.  Ac- 
cording to  Hitzig,  mobility  in  cases  of  lead  poisoning  is  lost  before 
electric  contractility. 

If  the  electro- muscular  contractility  is  completely  lost,  it  is  better  to 
apply  a  mild  galvanic  current  to  the  paralyzed  part  for  a  few  minute!  J 
before  llie  faradic  is  made  use  of.  The  latter  current  should  be  used 
daily,  and  not  longer  than  ten  or  fifteen  minutes  at  each  sitting.  As 
soon  as  the  slightest  contractions  are  produced  by  the  faradic  current, 
the  galvanic  may  be  discontinued.  In  some  cases  we  have  thought  that 
the  galvanic  current  answered  better  than  the  faradic,  even  when  the 
muscles  respond  to  the  faradic. 


Ltad paralysis  of  nine  months'  standing  dropped  wrists^ Apfroximatereofvery « 
loealited  galvanitation  and  faradizatioH, 

Case  LIIl. — F.  H.,  aged  24,  afilicteJ  with  lead  pjimlj-sis,  gave  the  following  his- 
tory :  For  several  years  he  ha^l  workcti  almast  constantly  in  lead,  aiui  about  nine  monlhs 
prior  to  his  application  Tor  relief  he  became  obstmalely  constipated,  sufferetj  from  va^e 
pains  in  the  legs,  shoulders.,  and  over  the  body  generally,  and  in  a  short  time  he  obs* 
t  decided  lameness  in  the  wrists.  He  gradually  became  worse,  until  he  founrl  it  im|K>5. 
iible  to  raise  the  right  hand  at  all,  and  over  the  little  finger  of  the  left  hand  he  had 
but  little  control. 

No  contraction*^  of  the  affected  muscles  followed  localized  faradization ;  the  gal* 
vanic  current  produced  slight  contractions. 

The  patient  was  treated  for  some  weeks  by  a  galvanic  current,  just  nifficient  in 
strength  to  produce  slight  miii«:ular  motion  ;  and  subsequently,  when  the  farmdic  cur- 
rent was  tried,  the  muscles  reacted  appreciably  to  it. 

The  treatment  was  kept  up  for  two  months  and  resulted  in  an  approximate  return 
of  the  normal  strength  to  the  affected  parts. 

Paralysis  from  Opium,  Stramonium^  Arsenic^  etc. — In  <lcsperate 
CAses  of  poisoning  by  opium,  electricity  has  be*n  repeatedly  used  with 
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success.    The  method  of  artificial  respiration  may  be  used  (sec  chapter 
on  Artificial  Respiration). 

After  recovering  consciousness  from  severe  poisoning  by  opium,  oi 
other  poisons,  the  various  limbs  of  the  body  are  occasionally  left  in  a 
permanently  paralyzed  condition  that  persistently  resists  all  the  efforts 
of  nature  and  medicine.  Two  such  cases  have  fallen  under  our  obser- 
vation. 


f^artial  paralysis  of  ypptr  and  lower  limbs,  caused  by  an  overdose  of  epium — .bm- 
provement  under  general  faradization. 

Cask  LI  V. — A  little  boy,  some  eight  years  of  age,  was  presented  to  us  safferiu^ 
from  partial  paralysis  of  the  lower  limbs,  and,  in  a  less  degree,  of  both  arms  also.  He 
could  walk  only  with  the  assistance  of  another,  and  then  with  an  uncertain,  staggering 
gait.  Hi*  legs  were  renjarkably  small  and  cold,  his  bowela  contmually  constipated, 
And  his  general  condition  feeble.  When  but  three  years  old,  his  ourse  on  one  occa- 
sion  administered  to  him  by  mistake  a  teaspoonful  of  the  tincture  of  oy^ium. 

By  persistent  elTort^i  only  was  his  life  saved  ;  but  the  shock  to  his  nervous  system 
was  so  great  that,  for  one  year  after,  both  legs  were  completely  paralyzed.  Finally 
he  rq^ned  a  portion  of  strength,  until  he  reached  the  condition  already  described. 

The  electro-muscular  contractility  and  electro-sensibility,  not  only  of  the  limbs,  but 
of  the  entire  bo<ly,  was  much  improved.  The  boy  could  bear,  without  pain,  a  fara- 
die  current  of  sufficient  intensity  to  prostrate  a  grown  person  in  ordinary  health.  The 
first  general  application  seemed  to  benefit  hinL 

He  felt  lighter  and  better.  Six  sub!)equent  stances  increased  his  appetite,  percepti- 
bly augmented  his  strength,  and  relieved  lus  constipation.  At  this  time  his  legs 
b^an  to  feel  somewhat  warmer,  while  he  was  unable  to  bear  a  current  of  as  great 
intensity  as  before.  7'iie  patient  was  under  treatment  some  two  months^  and  received 
abtnit  twenty-five  appUcaiiorxs.  The  temperatiure  of  bis  legs  and  of  his  whole  body, 
had  veiv  decidedly  improved. 

His  legs  had  grown  larger,  and  when  he  discontbued  treatment  bis  general  healtL 
was  fair,  and  his  gait  nearly  normaL 

Hyster'ual  Paralysis. — The  hysterical  form  of  paralysis  is  constitu 
tional,  because  the  entire  central  nervous  system  is  degenerated  into  a 
condition  of  abnormal  susceptibility  (sec  chapter  on  Hysteria  and  allied 
Affections). 

Electro-Diagnosis. — In  this  form  of  paralysis,  the  electro-muscular 
cuDtractility  in  recent  cases  is  iinimpaired  ;  in  old  cases  it  may  be  im- 
paired or  lost,  or  the  electro-sensibility  may  be  very  much  blunte<L 
Diplegic  contractions  sometimes  appear  in  hysteria.  The  loss  of  power 
is  usually  incomplete,  and  sooner  or  later  recovery  usually  takes 
place. 

Treatment. — The  disease  is  constitutional  and  demands  general  as 
well  as  local  treatment.     Ii  many  instances  general  faradization  pro- 
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motes  rapid  recovery  ;  other  cases  aie  very  rebellious  and  only  improve 
up  to  a  certain  point  The  general  treatment  may  be  combined  with 
central  galvanization  and  faradization  of  the  affected  part. 

The  following  case  is  an  example  of  its  influence  in  the  transient 
form  of  this  affection  :■ — 

Hysierital  parafyHs  0/  right  arm — Attacks  frequently  repeated—^lmmediate  rthe/ 
from  lo€Ali%ed faradinatien. 

Cask  LV. — A  young  lady,  of  an  excesively  nervous  organization,  was  frequently 
subject  to  hysterical  attacks,  when  one  of  her  .arms  (generally  the  right)  always 
became  perfectly  anaesthetic  and  almost  powerless.  As  a  rule,  her  arm  remained  io 
this  condition  about  an  hour. 

On  one  occasion,  iin mediately  after  an  attack,  a  powerful  faradic  current  was  di 
rected  for  two  minutes  througii  the  arm,  from  the  wrist  to  the  shoulder,  completely' 
dt&upating  the  anesthesia,  and  restoring  tlic  lost  power.     Many  similar  applications, 
during  subaequent  attacks,  invariably  produced  the  same  result. 


Gimral paralysis  0/  an  hysterical  character,  with  loss  0/  motion  of  both  the  upper 
and  lower  limbs,  and  severe  atrophy  of  the  muscles  of  the  upper  limbs — Remark- 
able symptoms —  Very  great  improvemerU  but  not  absolute  recovery  under  per iphertu 
and  central  galvanuation. 

Cask  LV[.  — Mrs,  S.,  of  Staten  Island,  aged  41.  was  the  most  remarkable  tllus 
tration  of  the  effic  icy  of  galvanization  in  paralysis  that  has  ever  fallen  under  our  obser- 
vation. The  patient  first  came  under  our  care  Sept.  25,  1868.  Nine  months  before 
she  KufTcred  a  miscarriage  that  had  left  her  in  a  condition  of  utter  helplcs^iness.  But]> 
upper  and  lower  limbs  were  completely 'paralyicd,  the  oiily  power  remaining  beiiig  » 
slight  Imiited  movement  of  the  hnger&.  The  hands  were  permanently  extended,  the 
inter-05sei  greatly  atrophied,  and  the  muscles  of  the  arm  and  forearm  were  so  much* 
shrunken  that  the  circumference  of  the  arm  was  diminished  to  the  extent  of  between 
one  and  two  inches.  The  lower  limbs  were  atisolutely  motionless — not  a  muscle 
gave  even  the  feeblest  resjxjnse  to  the  wilL  The  muscles  of  the  lower  limbs  were  but 
little  atrophied  even  below  the  knee ;  but  the  skin  presented  a  peculiar  glossy  ap> 
peorance  that  is  associated  with  greatly  impaired  nutrition,  wliicli  has  been  described 
by  Drs.  Mitchell,  Morehouse,  and  Keen,*  There  was,  however,  no  /a/«,  which 
these  physicians  found  to  l>e  an  invariable  accompaniment  of  glossy  skin  that  resulted 
from  injury  to  a  nerve.  The  appearance  of  the  *kin  may  be  best  understood  by  com- 
paring it  to  a  cicatrized  wound.  This  appearance  was  most  marked  below  the  knees. 
Both  upper  and  tower  limbs  were  very  cold  and  rery  sensitive  to  cold.  There  was  no 
loss  of  pcrwer  over  ike  bladder  or  rectum.  Appetite  and  digestion  were  good,  but 
there  was  tome  dyspncea.  The  patient  also  slept  well  usually,  although  compelled  to 
tie  constantly  on  her  back  unless  slie  was  turned  over.  The  important  feature  of  the 
case  was  the  remarkably  healthful  performance  of  most  L>f  the  vital  functions,  coih 
foined  with  absolute  helplessness.  As  the  little  motion  of  her  fingers  was  not  i>ul1lcieiv 
to  enable  her  to  grasp  even  the  liglilest  object,  it  was  necessary  for  the  nurse  to  feed 

*  GuD^ot  Wound.s  and  other  Injuries  of  Nerves.     1864.    Pp.    79,  8a 
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ha.  Daily  she  was  lifted  out  of  bed  and  pUced  in  an  invalid's  cHair  that  could  be 
lowered  into  a  horizontal  position.  To  sit  up  in  an  ordinary  chair  was  impossible, 
WJce  the  flexion  of  her  limbs  caused  unbearable  pains  in  the  joints. 

The  brain  was  usually  clear,  though  the  memory  had  been  somewhat  Impaired. 
The  patient  was  surprisingly  buoyant ;  bat  sustained  mental  exertion,  even  the  read- 
ing of  a  short  paragraph,  was  followed  by  sensations  of  weariness. 

The  patient  was  of  a  nervous  constitution^  had  never  been  capable  of  great  exertion 
knd  for  a  long  time  before  the  attack  had  corapbiined  of  numbness,  tbK;ling,  and  othtf 
premonitory  symptoms. 

Electric  examination  shon-ed,  as  was  expected,  absolute  loss  of  electro- muscular 
contractility,  in  both  the  upper  and  lower  limbs,  to  the  faradic  current.  A  strong 
galvanic  current  produced  feeble  contracliun>>  in  the  extensors  and  flexors  of  the  fore- 
arms^ but  none  whatever  of  the  muscles  of  the  lower  limlM.  There  was  also  very 
great  anaesthesia.  Analgesia  existed  in  the  lower  limbs.  In  the  arms,  forearms,  and 
fingers,  there  was  excessive  hyperasthesia  of  the  sense  of  touch,  conjoined  with  decided 
analgesia.  A  tolerably  strong  current  localised  in  the  muscles  was  not  painful,  but 
the  slightest  touch  on  the  surface  was  unpleasant.  Two  important  features  of  the 
case  were  rejiex  spasms  of  the  muscles  of  the  lower  limbs  during  electritation,  and  a 
peculiar  sensation  through  the  "whole  nervous  ramification  after  electritation.  The 
patient  compared  it  to  "  waves  of  sensation  "  rolling  up  and  down  the  limbs.*  This 
sensation  was  sometimes  fell  one  or  two  days  after  the  application. 

Taking  into  consideration  all  the  facts  of  the  case — the  completeness  of  the  paralysis, 
the  loss  of  muscniar  contractility,  the  absence  of  pain  m  the  limbs  or  in  the  spine,  the 
Absence  of  any  morbid  symptoms  in  the  rectum  or  bladder,  or  of  a  feeling  of  constriction 
in  the  abdomen,  the  absence  of  spinal  tenderness,  or  of  a  sensation  of  pain  when  ice  or 
hot  water  were  applied  to  the  back,  and  the  various  and  peculiar  behavior  under  elec- 
trization, we  concluded  that  the  case  was  one  of  a  hysterical  character. 

The  treatment  consisted  chiefly  in  central  and  localized  electrization  three  times  a 
week.  Both  methods  were  used  at  the  same  sitting.  At  first  the  faradic  current  was 
used,  but  without  making  any  impression  on  the  disease:.  The  first  application  of  the 
galvanic  current  took  immediate  effect.  The  next  day  the  patient  could  raise  both  of 
her  lower  limbs  six  inches  from  the  horizontal,  as  she  Lay  in  her  chair.  The  improve- 
ment was  permanent  and  progressive.  Another  singular  feature  was  that,  in  spite  of 
her  weakness  and  helplcssnes.s  the  patient  could  and  did  bear  with  benefit  protracted 
ftpfdications.  In  order  to  bring  the  whole  body  under  the  influence  of  the  current  at 
one  sitting,  and  at  the  same  time  to  give  the  needful  attention  to  the  affected  muscles 
and  groups  of  muscles,  the  sittings  were  sometimes  double  the  average  length. 

Improvement  in  the  upper  limbs  followed  improvement  in  the  lower.  The  exten« 
tors  and  flexors  of  the  arm  and  forearm  soon  began  to  resume  their  contractility  under 
the  faradic  current. 

Janu.-iry,  1869,  the  patient  had  steadily  progressed  from  day  to  day.  Although 
healthful  contractions  were  not  obtained  in  the  muscles  below  the  knee,  even  undet 
the  galvanic  current,  yet  the  skin  bad  a  less  glossy  appearance,  and  the  power  of  mo 
lion  had  greatly  increased. 

L7^  improvement  in  the  arms,  though  at  first  slow,  was  subsequently  more  rapid  ir 
■ptni 
L 


*  One  of  the  authors  has  experienced  a  precisely  similar  sensation  through  the  braiiv 
qiuul  cord,  and  all  the  ramifications  of  tlie  nerves,  after  an  overdose  of  hasleesh. 
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the  upper  than  in  the  lower  limb&  By  Jiltl  t,  both  the  arms  and  forearms  had  per 
ceptibly  nilarged,  as  was  also  shown  by  measurement.  The  patient  could  handle 
light  objects,  and  was  beginning,  in  an  awkward  way,  to  feed  herself.  She  could  sit 
in  nearly  a  natural  position  in  her  chair,  and  when  well  supported  could  stand  for  as 
instant. 

Feb.  I.  1869,  the  treatment  was  abandoned,  because  the  patient  seemed  for  the 
time  to  remain  stationary.  At  that  time  she  had  increased  in  weight  to  the  extent,  it 
is  just  to  estimate,  of  twenty-five  pounds,  although  the  patient  was  not  weighed.  She 
was  able  to  read  short  paragraphs,  and  took  her  book  or  pa})er  daily. 

On  account  of  the  weakness  of  the  peronel  muscles  of  the  right  leg,  the  foot  had 
all  along  exhibited  a  tendency  to  turn  in.     This  symptom  did  not  improve. 

AXter  the  treatment  was  discontinued,  the  patient  still  progressed. 

When  last  seen,  August  1870,  she  had  gained  from  thirty  to  forty  pounds  in  weight, 
had  nearly  full  use  of  her  arms  and  hands,  which  had  regained  their  full  size,  and  was 
able  to  step  with  assistance,  and  appeared  to  lie  prevented  from  walking  alone  only  by 
giddiness.     She  could  read  for  hours  at  a  time  without  excessive  fatigue. 

The  improvement  in  the  last  few  months  had  been  greatly  aided  by  systematic  m]> 
bing  and  movements. 

In  the  above  extraordinary  case  the  record  was  never  complete,  btit 
the  results  of  treatment  were  most  interesting  and  rejnarkable. 

Central  Paralysis. — Central  paralyses  are  those  which  depend  on 
some  special  and  distinct  morbid  condition'  of  the  brain,  spinal  cord»  or 
sympathetic. 

Heinjplegia  and  paraplegia,  with  their  complications,  are  the  more 
frequent  and  impoitaiit  nianifestaiions  of  paralysis  of  central  origin. 

When  the  morbid  process  is  in  the  central  ganglia,  the  reaction  may 
be  either  normal,  or  increased  or  decreased. 

When  dizziness  is  excited  by  a  very  mild  galvanic  current^  there  is 
reason  to  suspect  some  morbid  process  within  the  brain.  The  diagno- 
sis of  the  diseases  of  the  brain  with  which  hemiplegia  is  associated  is 
much  aided  by  the  ophthalmoscoiie,  which  frequently  reveals  changes 
in  the  optic  disk,  the  retina,  the  choroid,  ancJ  the  blood-vessels.  Cere- 
J} ral  effusion  may  be  indicated  by  congestion  or  infiltration  of  the  optic 
-disks  on  the  side  on  which  the  clot  exists ;  tumors  of  the  brain  by  neu- 
ritis, neuro-retinitis,  and  ischi^imia  ;  softening  occasionally  by  neuriltis 
-or  atrophy. 

Progtwsis.~~'\\\^  |irognosis  of  hetniplegia  imder  treatment  by  elec- 
tricity is  in  general  much  better  than  has  been  supposed.  Manifestly, 
everything  de[iends  on  the  nature  and  seat  ol  the  affection  as  well  as 
on  tlie  age  and  constitution  of  the  patient. 

The  prognosis  is  better  in  proportion  as  the  symptoms  are  uncom- 
plicated ;  better  in  the  young  an<!  miilllc  aged  than  in  the  old.  Cases 
ihat  are  so  iJioroitghij  cured  as  to  Uave  no  marks  behind  are  exceptional 
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The  improvement^  howevtr  rapidly  it  may  progress  at  firsts  usually  stops 
at  some  point  short  of  a  perfect  cure.  The  majority  of  cases  can  be 
benefited,  sometimes  rapidly  benefited,  up  to  a  certain  point,  after  which 
the  iraprovement  cannot  be  pushed  by  any  amount  of  treatment.  It  is 
fiirthemiore  always  necessary  to  bear  in  mind  the  liability  to  othei 
attacks  ;  very  many  cases  are  improved  at  once  and  rapidly,  while  with 
others  the  progress  is  almost  imperceptibly  slow. 

lu psychical  symptoms  (melancholia,  hypochondria,  etc.),  the  progno- 
sis is  often  quite  favorable.  A  persistence  of  these  psychical  complica 
tions,  even  when  other  symptoms  appear  to  yield,  we  have  come  to 
regard  as  an  unfavorable  sign. 

In  anasthesia^  when  uncoraplicated  with  other  symptoms,  the  prog- 
nosis is  remarkably  good,  even  when  variously  complicated  with  paraly 
sis  of  motion  or  disorder  of  the  cranial  nerves,  and  the  anaesthesia  may 
yield,  even  though  its  associated  symptoms  are  not  affected. 

In  severe  disorders  of  speech  the  prognosis  is  not  very  favorable. 
They  are,  however,  susceptible  of  treatment. 

In  impairment  of  nutrition — the  muscular  atrophy  that  so  frequently 
accompanies  hemiplegia — the  prognosis,  especially  when  the  cases  have 
not  been  too  long  neglected,  is  oftentimes  exceedingly  favorable.  After 
the  aflfected  lower  limbs  have  become  much  reduced,  they  may  by  per- 
severing faradization  and  galvanization  be  restored  to  their  normal  size. 

In  contractions  of  muscles  and  convulsions,  the  prognosis  is  unfavoi- 
able. 

In  disorders  of  bladder  and  rectum,  the  prognosis  is  not  very  favorable. 

In  affections  of  the  joints  the  prognosis  is  not  very  favorable. 

In  cases  complicated  with  hysteria  or  hysterical  symptoms  the  prog 
nosis  is  belter  than  in  cases  not  so  complicated.  In  very  strong  and 
vigorous  persons  of  coarse  organization  the  prognosis  is  generally  not  so 
good  as  in  the  nervous  organization. 

Other  conditions  being  the  same,  the  prognosis  is  much  better  for 
those  cases  where  the  arm  is  not  affected ;  and  when  both  the  arm  and 
leg  are  affected,  the  leg  is  susceptible  of  the  earliest  and  greatest  im- 
provement. The  chief  difficulty  in  the  hand  is  usually  with  the  exten- 
sors  and  inter-ossei,  which,  being  very  long  and  weak  muscles,  and  act- 
ing as  they  do  at  the  worst  power  of  the  lever,  are  the  greatest  sufferers 
in  hemiplegia,  and  are  very  slow  to  resume  their  normal  functions. 

It  should  always  be  borne  in  mind  that  the  tendency  of  the  disease  is 
toward  recovery  up  to  a  certain  extent,  and  that  the  improvement  which 
takes  place  in  the  early  stages,  sometimes  very  rapidly,  is  partly  due  to 
nature  and  time. 
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EUctrical  Treaiment — Diseases  of  the  brain  of  the  different  varieties 
Are  to  be  treated  by  both  general  and  localized  faradization  according 
to  the  indications  of  each  case.  General  faradization  is  frequently  in- 
dicated in  hemii>legia  as  in  other  manifestations  of  disease  of  the  brain, 
on  account  of  the  general  debility  of  the  functions  that  accompanies 
and  follo7vs  an  attack  of  disease  of  the  brain.  It  improves  the  genera* 
nutrition. 

Central  galvanization  with  a  very  mild  current  is  a  method  of  treat- 
iMent  that  is  of  great  service  in  these  conditions.  The  special  form  and 
locality  of  the  galvanization  will  depend  on  the  supposed  locality  of  the 
disease. 

It  is  well  to  use  central  galvanization  alternately  with  general  or 
localized  faradization-  , 

I'here  is  little  doubt  that  this  method  of  treatment,  when  not  over- 
done, acts  beneficially  on  the  nutrition  of  the  brain,  directly  by  the 
passage  of  the  current  through  the  brain,  and  indirectly  through  the 
modification  of  the  cerebral  circulation  by  the  irritation  of  the  sympa- 
thetic. 

It  must  be  confessed,  however,  that  the  exclusive  use  of  central  gaJ- 
vanization  in  cranial  disorder  is  far  from  being  satisfactory,  and  for  these 
four  reasons :  First.  With  all  our  improved  means  of  diagnosis  it  is 
impossible  to  fix  with  anything  more  Uian  approximate  certainty  the 
seat  or  even  the  nature  of  the  morbid  process  in  diseases  of  the  brain  ; 
hence,  all  localization  of  the  galvanic  current  in  this  or  that  part  of  the 
bead  must  at  best  be  empirical  and  tentative.  Secondly,  It  is  im- 
possible to  localize  the  galvanic  current  entirely  in  any  small  portion  of 
the  brain.  Thirdly.  Diseases  of  the  brain  are  usually  accompanied 
and  followed  by  general  feebleness  that  demands  constitutional  treat- 
ment, hnd  fourthly,  the  paralysis  will  not  yield  to  merely  central  treat- 
ment directed  to  the  seat  of  the  disease,  but  must  be  treated  itself.  In 
hemiplegia  also  the  spinal  cord  becomes  affected  through  disease  ;  hence 
the  theoretical  indication  for  galvanization  of  the  spine,  or,  better  still, 
the  entire  metho<i  of  central  galvanization. 

General  faradization,  thoroughly  used,  affects  all  parts  of  the  brain  and 
the  sympathetic  at  each  application,  and  in  addition  powerfully  and 
beneficially  affects  the  entire  periphery.  The  improvement  which  is 
acquired  by  the  extremities  and  by  all  the  superficial  muscles,  and  by 
the  viscera  especially,  under  general  faradization,  we  believe,  reacts  • 
fazforably  on  the  brain  and  aids  the  reparative  process.  Our  best  results 
thus  far  have  been  obtained  by  the  combination  of  localized  faradization 
of  the  paralyzed  muscles^  general  faradization^  and  central  galvanization 
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In  tlie  majority  jf  cases  of  hemiplegia  tie  muscles  are  not  so  badlj 
paralyzed  that  they  will  not  readily  contract  during  the  process  of  general 
faradization.  Localized  faradization  with  careful  and  special  reference 
to  the  motor  points  is  therefore  not  necestary,  and  as  general  faradiza- 
tion acts  more  or  less  on  the  spinal  cord,  which  is  secondarily  affected, 
and  on  the  whole  system,  which  in  lirae  becomes  debilitated,  as  well  aj 
on  the  paralyzed  muscles,  it  is  well  oftentimes  to  use  that  method  in 
connection  with  localized  faradization  or  in  preference  to  it. 

In  regard  to  the  comparative  merits  of  central  galvanization,  periph- 
eral and  general  faradization,  and  localized  galvanization  of  the  nerve- 
centres,  in  hemiplegia,  we  should  say  decidedly  that  the  latter  method — 
localized  galvanization  of  the  brain,  sympathetic,  and  spinal  cord — is  the 
least  important  By  itself  alone,  unaided  by  other  methods,  it  will  ac- 
complish but  a  little.  It  comes  in  very  well,  however,  to  supplement 
■other  methods,  and  may  be  used  in  connection  with  them.  The  full 
method  of  central  galvanization,  however,  by  acting  thoroughly  on  the 
whole  central  nervous  system,  accomplishes  much  in  hemiplegia,  and 
may  carry  on  the  improvement  after  peripheral  and  general  faradization 
have  finished  their  work  and  lost  their  efficacy. 

Time  of  beginning  Treatment. — In  regard  to  the  time  of  beginning 
treatment  after  an  attack  of  hemiplegia,  each  case  must  be  studied  by 
itself.  As  a  nile,  it  is  better  to  wait  two  or  three  weeks,  until  the  active 
irritation  in  the  brain  has  in  a  measure  subsided.  The  almost  univer- 
sally entertjuncd  idea,  that  it  is  better  in  all  cases  to  wait  three,  four,  or 
six  months,  until  the  muscles  have  been  long  atrophied  and  contracted, 
and  the  shoulder  joint  become  perhaps  permanently  immovable,  before 
beginning  electrical  treatment,  is  one  of  the  most  serious  errors  of  electro- 
therapeutics. If  proper  caution  be  used,  it  is  never  necessary  to  injure 
the  patient  at  any  stage  of  the  disease.  Cases  that  are  taken  early  may 
be  treated  at  first  by  exclusively  localized  faradization  ;  and  afterwards, 
when  that  has  accomplished  all  that  it  can  and  the  patient  ceases  to 
progress,  it  may  be  well  to  resort  to  general  faradization  and  central 
galvanization.  Electrization  of  the  facial  muscles  on  the  affected  side 
sometimes  materially  aids  the  speech,  but  it  may  cause  unpleasant 
symptoms,  and  in  the  early  stages  especially  should  be  avoided.  Mild 
galvanization  may  sometimes  be  used  before  faradization  of  the  muscles. 

Accessories  to  Electrical  Treatment  of  Paralysis, — The  treatment  of 
paralysb  of  all  kinds  by  electricity  may  be  greatly  aided  by  observing 
the  following  niles : 

I.  Thoroughly  soak  the  part  with  wann  water  before  beginning  treat 
tiie-it.     When  this  is  done  a  much  feebler  current  will  produce  contrao 
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liuns  and  the  contraclions  will   be  more  active,  and  some  muscles  will 
readily  contract  which  otherwise  would  not  contract  at  al!. 

The  skin  when  dry  is,  as  we  have  seen  (Electro-Physiology,  p.ioS),  a 
poor  conductor,  and  in  proportion  as  it  becomes  thoroughly  moistened 
in  tliat  proportion  does  its  conductivity  increase, 

2.  Relax  the  muscles  when  the  application  is  made.  The  advan- 
tage of  the  observance  of  this  rule  is  decided  (sec  Electro-Physiology» 
p.  147). 

In  treating  paralysis  of  the  extensor  muscles  of  the  hand,  for  example, 
flex  the  hand  backward  a  little  and  then  relax  the  extensor  muscles.  In 
treating  paralysis  of  the  i>eronei  muscles  of  the  leg,  raise  the  foot  so  as  to 
relax  these  muscles  and  the  tibialis  anticus.  The  muscles  of  the  thigh 
are  most  relaxed  when  the  patient  is  sitting,  and  most  tense  when  the 
patient  stands.  In  treating  paralysis  of  the  face,  draw  back  the  muscles 
of  the  affected  side  toward  the  ear.  Dr.  C.  E.  Detmold  has  suggested 
the  use  of  a  blunt,  curved  wire.  This  wire  is  placed  in  the  corner  oC 
the  mouth  and  the  other  end  is  attached  by  an  elastic  to  a  curved  wire 
behind  the  ear.  This  contrivance  may  be  worn  not  only  during  treat- 
ment, but  at  night,  if  it  be  not  too  disagreeable,  and  an  hour  or  so 
during  the  day. 

For  keeping  the  hand  raised  in  lead  paralysis,  Dr.  Geo.  Van  Bibber, 
of  Baltimore,  has  devised  a  contrivance  consisting  of  Sayre's  artificial 
rubber  muscle  connected  by  eyelets  to  elastic  bands  attached  by  ad- 
hesive piaster  to  the  arm  above  the  elbow  at  one  extremity,  and  at  the 
other  extremity  to  the  hand  and  fingers. 

Dr.  Van  Bibber  has  utilized  the  same  principle  in  the  treatment  of 
ptosis.  In  order  to  hold  up  the  lid  he  applies  a  narrow  bit  of  adhesive 
plaster  to  the  forehead,  and  to  the  Ud  itself. 

3.  Enlist  the  mental  co-operation  of  the  patient  in  the  treatment-  Let 
him  try  to  move  the  paralyzed  muscles  at  the  very  moment  that  the  cur- 
rent is  applied.  Concentration  of  will  alone  is  sufficient  to  help  par- 
alysis, as  has  been  proved  by  actual  experiment. 

4.  Passive  movements  of  die  limbs  at  the  jomts,  massage,  and  mani> 
pulation  of  individual  muscles.  The  joints  should  be  rotated  so  as  to 
combat  the  tendency  to  stiffness  and  the  kneading  of  the  muscles  should 
be  carefully  and  thoroughly  performed,  massage  and  v^assive  movements 
are  usually  but  half  done. 

5.  Apply  dry  heat  to  the  affected  muscles  before  the  electricity  is  ap- 
plied, or  at  any  time  during  the  intervals.  This  can  be  done  in  various 
ways  A  good  way  to  bring  a  paralyzed  arm  or  leg  under  the  prolonged 
infiuf  nee   of  dry  heit  is  to  take  a  common  sewer-pipe  as  sold  in  the 
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•hops,  of  a  suitable  size  and  curvamre,  heat  it  through  in  an  oven,  cover  it 
with  cloths  and  let  the  limb  remain  in  it  until  the  heat  is  dissipated.  In 
this  way  not  only  the  forearm  and  leg,  but  the  whole  arm,  including  the 
shoulder-joint  and  the  thigh  with  joint,  can  be  daily  subjected  to  the  ef- 
fect of  the  prolonged  heat.  This  treatment  not  only  temporarily  increases 
the  electro-muscular  contractility  of  the  paralyzed  muscles,  but  permi- 
nently  improves  the  nutrition  both  of  the  muscles  and  of  the  stiffened 
joints.  Dr.  Charles  F.  Taylor  allows  his  paralyzed  patients  to  warn 
their  paralyzed  limbs  in  a  hot  oven  arranged  for  tliat  purpose. 

All  the  above  suggestions  will  apply  to  the  treatment  of  every  form 
of  paralysis. 

Right  hemiplegia  earning  <m  ^  radually,  with  numbness  and  coldness  in  right  leg ; 
slight  anavfhesia  of  right  hand,  and  considerable  amrsthesia  0/  right  leg ;  some 
diminution  0/  electro-muscular  eontractility  in  right  leg —  GastralgitL,  ituomnia^ 
and  great  mental  depression— Important  improvement  under  general /araditatton 
and  peripheral  gah'anitation — Subsequent  renewed  attack. 

Case  LVII.— Hon.  Mr.  G.,  aged  52,  for  many  years  United  States  Senator, 
was  referreil  to  us  October  ig,  1S6S,  by  Prof.  Ausliu  Flint  Duiifig  the  excitemenl  of 
the  Im^jeachtncnt  Trial  the  patient,  whose  constitution  was  always  supposed  to  be  of 
the  strongest,  olyserved  a  feeling  of  coldness  of  the  right  1^  at  night.  This  coldness 
however,  was  not  very  marked,  since  his  attention  was  first  called  to  the  condition  by 
his  wife.  One  day,  while  in  Congress,  and  shortly  after  the  delivery  of  his  opinion  on 
the  Impeachment,  he  experienced  a  slight  attack  of  hemiplegia,  which  he  endeavored 
to  walk  off. 

Before  coming  to  New  York,  he  had  received  the  very  pernicious  advice  to  take 
vigorous  and  severe  muscular  exercise.  Acting  upon  this  unfortunate  suggestion,  be 
had  seriously  injured  himself  at  the  exhausting  labor  of  cljopping  wood.  He  grew  de- 
cidedly  worse,  and  became  exceedingly  depressed.  Under  the  advice  and  medication 
administered  by  I  tof.  Flint  he  had  measurably  improved,  and  at  the  time  we  hi^X.  saw 
him  tiiere  was  a  tendency  toward  recovery.  He  complained,  however,  of  persistent 
ittsomoia,  considerable  gastralgia,  with  bdigestion,  pain  in  the  lower  part  of  the  back, 
and  very  great  mental  depression. 

Electric  Examination.  —Slight  ansethesia  of  right  hand  ;  considerable  of  right  1^ ; 
some  diminution  of  electro-muscular  contractility  in  the  muscles  above  the  knee  on  the 
right  side  ;  no  diminution  of  electro-muscular  sensibility  ;  the  volitional  power  of  tbt 
musdes  was  intact,  and  the  patient  could  walk  a  comaderable  distance. 

The  case  demanded  a  general  tonic  as  well  as  merely  local  treatment,  and  we  accord- 
ingly used  general  faradization  daOy,  or  every  other  day,  occasionally  making  use  of 
galvanization.  It  was  not  long  before  improvement  was  manifest  in  all  tlie  leadiii| 
(/m|>to;n<L  He  soon  began  to  sleep  and  to  digest  better,  and  was  much  relieved  of 
the  pains  in  the  back.  At  the  end  of  five  weeks  the  patient  abandoned  treatment,  and 
M>  &r  improved  that  in  the  early  part  of  December  he  resumed  his  »at  in  Congrcs^ 
%xA  during  the  entire  winter  continued  in  the  exercise  of  his  official  dutiev 

While  under  treatment  by  electricity,  he  at  the  same  time  contbued  the  use  of  bro- 
niile  of  potassiujD  and  other  internal  remedies,  with  special  re'erencc  to  the  stomnch 
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In  the  spring  following  the  patient  visited  Europe,  where  he  was  engaged  to  plead 
in  a  case  at  law.  The  ext-Ucment  brought  on  a  new  attack,  which  left  him  in  a  con- 
dition of  despondency,  from  which,  however,  he  slowly  raHied.  He  afterwards  died 
of  another  disease. 

Giosso-laryngecU  Paralysis  {Glosso-pharyngeal  Paralysis). — The  difr 
rinctive  features  of  this  aifection  are  paralysis  of  the  muscles  of 
tlie  tongue,  lips,  soft  palate,  and  also  of  the  pharynx  and  larynx* 
There  is  difficulty  both  in  speaking  (especially  in  pronouncing  certain 
letters)  aud  swallowing.  The  saliva  dribbles.  Food  is  sometimes 
forced  into  the  nostrils  or  larynx.  In  the  last  stage  there  is  debility  and 
difficulty  of  respiration. 

Prognosis. — This  disease  is  believed  to  be  surely  fatal  in  a  few 
months.  Faradization  of  the  pharynx  and  tongue  is,  however,  of  essen- 
tial service  in  occasionally  relieving  the  difficulty  in  deglutition,  and 
also  some  of  the  other  symptoms. 

Glosio-pharyngeal  paralysis  of  nine  months  standing — Grtat  difficulty  in  speakxmg 
and  rMalloviing —  l^mporary  and  d<cid£d  improvement  under  faradixalion  omA 
gah'amzation  of  the  affecttd parU» 

Ca.s*c  LVIII. — Mr.  K  ,  a^c^X  43.  a  aliort,  stubby,  plethoric  G«:ruian,  consulted  us 
May  iS,  1867,  with  marked  and  typical  -^vmptoro'-of  glosso-pharyngeal  paralysis.  His 
(tifEculty  of  speech  was  very  great,  and  any  attempt  to  read  was  exceedingly  ludkrooi. 
His  especial  difficulty  was  in  pronouncing  certain  vowels,  as  a,  u.  In  eating,  particles 
of  food  were  thrown  up  in  the  upper  and  posterior  pharyngeal  space,  and  liquids  some- 
limes  were  expelled  through  the  nostrils. 

The  patient  referred  the  beginning  of  his  symptoms  to  a  very  severe  cold. 

Three  localized  faradizations  were  followed  by  manifest  improvenvent  in  most  of  the 
syinptoms,  and  especially  in  the  swallowing. 

May  29,  galvanization  was  commenced,  and  was  continued  with  still  further  tmprove- 
ment  hoth  in  sjieaking  and  swallowing. 

Of  the  issue  of  the  case  we  Imve  never  heard. 

Gtotso-pharyngeal  paralysis^  -wiik  hemiplegia  of  left  side  of  three  year f  standing— 
Ckrimic  pharytigiUs-^So  improvewtent  under  a  short  course  of  electritatiom. 

Case  IJ.\. — Capt  Cieoige  K  ,  agetl  55,  consulted  us  on  October  15,  1S66,  with 
symptoms  of  hemiplegia  and  ylof^'wi-lahial  paralysis.  Certain  letters,  ash,  p,  he  could 
not  articulate,  and  conversation  was  a  matter  of  considerable  difHculty.  He  cooU 
walk,  but  needed  assistance  in  ascending  stairs  or  crossing  streets. 

The  accompaii)'ing  symptoms  were  in  every  way  discouraging.  The  patient  wai 
partially  insane.  Naturally  kind  and  genial,  he  had  become  excessively  irritable  and 
inconsiderate  ;  was  at  times  impatient  and  violent. 

Localized  an  J  general  faradization,  attempted  for  a  short  time,  proved  of  no  service, 
and  the  patient  was  not  encouraged  to  continue  treatment.  We  aftenvards  learned 
that  Ms  symptoms  gradually  became  worse,  b  spite  of  various  hydropathic,  equalirin^ 
tnd  oiher  methods  of  cure  that  he  attempted,  and  in  three  yean  he  died. 
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We  do  nol  presume  to  say  that  the  case  thai  tmiuediately  folloits  was 
one  in  which  there  had  been  any  decided  atrophy  of  ner\'e  tissue,  and 
yet  all  the  symptoms  of  which  the  patient  complained  were  of  the  niosi 
persistent  and  distressing  type,  and  seemed  to  point  unmistakably  to 
structural  lesion.  If  there  was  no  decided  structural  change  present 
in  the  motor  roots  of  the  upper  portion  of  the  cord,  as  the  immediate 
effects  of  the  treatment  would  seem  to  indicate,  the  case  affords  an 
instructive  illustration  of  those  purely  functional  conditions  that  occa- 
sionally simulate  with  such  exactness  incurable  diseases  of  organic 
origin. 

Rapid  recovery  of  a  supposed  case  of  ghss9-iatyngtal  paralysis  of  thret  yeorf  stand' 
ing  under  gaivanimtion  of  the  iteck  and  upper  portion  cf  the  ccrd. 

Cask  LX. — Mr.  P.,  a  gentleman  aged  45.  was  scat  to  us  by  Dr.  James  Anderson. 
Som«  three  years  previously  the  patient  had  first  observed  a  slight  sense  of  itiffne^s  in 
the  tongue,  associated  with  a  feeling  of  constriction  in  the  pharynx  and  larynx.  Occa- 
nonally  hU  speech  became  thick  and  hoarse  ;  some  words  were  pronounced  badly,  and 
be  found  it  difficult  to  contract  the  lips.  At  such  times  partial  aphonia  was  present,  and 
when  he  attempted  to  converse,  the  effort  was  attendee,  with  a  d^ree  of  discomfort  if 
not  pain.  For  several  months  these  symptoms  had  remained  stationary,  with  t)te 
addition  only  of  some  little  weakness  of  respiration. 

Finally,  howe^•er.  be  noticed  some  diflBculty  in  the  act  of  deglutition,  which  in  the 
course  of  a  few  weeks  so  markedly  increased  as  to  threaten  suffocation.  He  dreaded 
every  attempt  at  eating,  and  frequently  in  the  place  of  his  regular  meal  he  would  take 
a  considerable  quantity  of  brandy,  the  stimulating  effects  of  which  would  often  tempo- 
rarily seem  to  restore  power  to  the  diseased  parts.  For  more  tlian  two  years  this 
patient  had  suffered  in  this  way.  Although  he  had  uncea^ngly  sought  relief,  every 
method  that  he  attempted  signally  failed  to  afford  the  slightest  service.  On  applying 
for  electrical  treatment,  we  at  once  submitted  him  to  a  mild  stance  of  central  galvani- 
sation, after  which  a  ciurent  of  somewhat  greater  strength  was  as  nearly  as  possible 
localized  in  the  upper  portion  of  the  cord  and  its  motor  roots.  This  accomplished 
nothing,  and  as  the  patient  gave  evidence  of  being  decidedly  unsusceptible  to  ordinary 
electrical  influences,  we  attempted  at  the  second  stance  to  localize  in  the  supposed 
•eat  of  the  disease  a  current  from  15  cells,  gradually  increasing  it  to  25  cells. 

Considerable  vertigo  with  slight  spasmodic  contraction  of  the  larynx  followed,  last- 
ing several  minutes.  On  the  following  day  he  reported  that  he  was  able  to  eat  with 
markedly  bcreased  comfort,  and  that  daring  the  intervals  of  eatmg  he  felt  completely 
reorv-jed.  Eight  simiUu-  applications,  but  with  gradually  decreassing  strength  of  cur* 
rent,  v,-ere  followed  by  complete  recovery.  In  a  few  montlis  he  suffered  a  slight  relapse 
from  which  he  speedily  recovered  by  a  short  course  of  treatment.  Two  yean  have 
«bapied  since  the  treatmeitt,  and  the  patient  continues  welL 

Paralysis  of  the  mnseUs  of  the  neck  and  thin  with  dysphagia — Not  treated. 

Case  LXL— Mr.  L.,  aged  60,  referred  to  us  by  Dr.  E.  R.  Peaslee,  was  paralyzed 
in  the  muscles  supporting  the  head  and  chin  ;  dysphagia  was  marked,  and  leglutitioa 
so  much  impaired  that  eating  was  attended  with  much  difficulty. 
30 
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Our  diagnosis  was  central  lesion,  the  chief  expression  of  wht,  b  was  atrophy  oi 
the  motor  roots.  Wc  were  permitted  lo  use  tae  galvanic  currcni  but  about  three 
times. 

No  benefit  was  derived,  but  a  further  trial  might  have  alleviated  the  symptom! 
somewhat. 

Paralysis  of  Spinal  Origin — Paraplegia. — The  exact  differential 
diagnosis  of  the  various  morbid  conditions  of  the  spinal  cord  that  give 
rise  to  paraplegia  is  sometimes  a  matter  of  considerable  difficulty,  and 
for  these  two  reasons  : — 

1.  All  known  morbid  conditions  of  the  cord  have  more  or  less  symp- 
toms in  common-     In  order  that  any  of  them  may  be  of  special  diag- 
nostic value,  it  is  necessary  that  they  should  be  taken  in  connection       ■ 
with  other  symptoms. 

2.  Many  of  the  morbid  conditions  of  the  cord  are  complicated  with 
cadi  other,  and  the  symptoms  must  be  correspondingly  contplex.  Thug 
meningitis  may  exist  with  myelitis,  and  the  term  myelitis  itself  is  a  genus 
of  which  there  are  several  species.  It  is  difficult  to  draw  the  line  where 
irritation  ends  and  congestion  begins,  and  equally  difficult  to  determine 
at  what  stage  a  condition  of  hyperaemia  or  congestion  becomes  a  con- 
dition of  inflammation. 

EUctrO'Diagnosis. — In  the  early  stages  of  spinal  paraplegia  the  gal- 
vanic and  faradic  reaction  may  be  normal,  but  in  the  course  of  a  few 
weeks  or  months  becomes  diminished.  In  most  of  the  cases  that  con- 
sult the  physician  there  is  diminished  or  destroyed  electro-muscular  con- 
tractility. 

Electro- muscular  sensibility  is  usually  more  or  less  diminished.  Elec- 
tro muscular  contractility  is  usually  much  more  diminished  in  the  severe 
forms  of  paraplegia  than  in  hemiplegia.  In  cases  where  the  posterior 
columns  are  affected  electro-ancesthesia  may  also  exist. 

Treatment. — In  hemiplegia,  as  we  have  seen,  the  electrical  treatment  is 
substantially  the  same  whatever  the  nature  or  seat  of  the  cerebral  lesion. 
Similarly  in  paraplegia  the  treatment,  so  far  as  electricity  is  concerned,  is 
the  same,  whatever  be  the  nature  of  the  spinal  lesion  on  which  the  para- 
plegia depends.  Spinal  paraplegia  should  be  treated  by  galvanization  of 
the  spine,  and  peripheral  faradization  or  galvanization  ;  to  depend  on 
one  iBethod  solely  is  unnecessary.  In  para^jlegia  the  electro- muscular 
contractility  is  frequently  so  much  diminished  that  it  is  necessary  to  give 
particular  attention  to  the  motor  points  in  order  to  produce  contractions. 
Whether  general  faradization  and  central  galvanization  be  employed 
will  depend  on  the  general  condition  of  the  patient.  In  the  early  or 
Mibacute  stage  the  stances  should  be  short;  in  the  chronic  stage  the 
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•dances  may  soraetimes  be  raore  protracted.  In  many  incurable  cases 
the  general  tonic  effects  of  general  faradization  alone  are  of  very  grcal 
service. 

Prognosis, — Nearly  all  cases  of  spinal  paraplegia  can  be  benefited 
by  electrical  treatment,  but  very  few  can  be  entirely  or  permanently 
cured.  We  may  look  for  perfect  recovery  in  some  cases  that  are 
taken  eariy,  and  in  cases  that  depend  on  hysteria,  congestion  of  the  cord, 
or  exhaustion.  Cases  of  myelitis,  meningitis,  and  non-inflammatory 
softening  are,  as  a  rule,  but  little  benefited,  although  they  may  some- 
times improve  quite  rapidly  under  electrical  treatment  up  to  a  certain 
point. 

In  cases  of  reflex  paraplegia,  however,  the  faradic  current  is  ex- 
ceedmgly  useful  in  preventing  the  ill  eliects  of  rest  on  the  paralyzed 
mubcies  and  materially  hastens  recovery. 

Peripheral  Paralysis.^K  true  peripheral  paralysis  manifestly  excludes 
all  lesions  or  influences  of  a  central  origin.  The  cause  must  be  souglit 
for  in  some  portion  of  the  nerve-tract  after  it  has  emerged  from  the 
bones  that  enclose  the  nervous  centres. 

The  princi|)at  causes  of  peripheral  paralysis  are  : 

1.  The  action  of  cold  on  the  super jicial  distribution  of  nerves* 

2.  External  injuries. 

3.  Pressure  on  the  nerve  from  morbid  growths,  etc, 

4.  Destruction  of  a  nerve  by  carious  bone,  etc. 

Facial  Paralysis. — The  most  prominent  form  of  peripheral  paralysis  is 
that  of  the  seventh  pair  of  nerves.  The  symptoms  ol  Jacial  puialysis  vary 
not  only  as  its  cause  is  central  or  periplieral,  but  also  accoidmg  10  the  por- 
tion of  the  nerve  affected.  Paralysis  vti  the  seventh  pair  without  coiuci- 
dent  paralysis  of  an  arm  or  leg  seidoin  results  from  cerebral  hemorrhage. 
It  may  occur,  hoN%-ever,  but  it  may  be  readily  distinguished  from  the 
peripheral  form  of  the  affection.  In  complete  facial  paralysis  of  peri^ 
pheral  origin  the  orbicularis  palpebrarum  muscle  is  paralyied^  and 
the  eye  cannot  be  entirely  closed  ;  while  if  the  cause  is  central  this  mus- 
cle is,  as  a  rule,  unaffected,  and  the  eyelids  can  be  brought  together. 
In  some  exceptional  cases  a  certain  lesion  may  paralyze  the  orbicularis 
muscle,  while  occasionally,  in  peripheral  facial  paralysis,  the  nerves 
that  supply  the  muscles  of  the  eye  may  escape,  thus  leaving  it  free  to 
close.  The  fact  that  in  facial  paralysis  of  central  origin  the  electro- 
muscular  contractfluy  is  unimpaired,  while  if  the  nerve  itself  is  the  seat 
of  the  injury  the  muscles  refuse  to  respond  to  the  faradic  current,  ma- 
terially aids  us  in  diagnosis. 
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Eluir^Diagn^iis. — In  Caidal  paraljrsb  of  a  perifkertU  a 
/mrad»-mm§adar  caoaCracdUty  is  iKaalijr  danaLuked  or  lost ; 
musmiar  oootractBity  may  be  increased  or  oomal ;  though 
cases  it  may  be  diminuhed,  it  is  tv^y  lost  Facial  paiatyaia  is  one  of 
the  condidoQB  in  wiiich  the  diSerence  between  the  two  asreoiB,  in  tbcir 
power  of  prododog  oootractions  of  moscles,  is  t}'pically  shown.  The 
galTaDo-miscalar  contractility  sometuaea  becomes  so  nuich  iacieaaed 
that  when  the  iarado-tiiuaciilar  cootractfiky  is  entirely  ^'^fJtibf^^  ibe 
dbeaaed  muaclra  raapCMKl  to  a  much  feeUer  gaivaaic  current  than  is 


iprodu 


side. 


ontractiona  on  the  healthy  i 
•  Kbdr  Dormai  condition  under  treatment,  the  galvano-mnscalar 
contractility  diminishes. 

Prognotit. — The  prognoos  of  foetal  paralysis  of  a  peripheral  oripn  is 
generally  very  favorable.  Few  fiarms  of  paralysis  yield  so  surely  as  this, 
provided  the  electrical  treatment  be  used  «rith  sufficient  peraeremioe. 

Treatment. — Facial  paralvsis  shoald  be  treated  by  localized  fiuadua- 
taon  and  galvanisation.  When  the  muscles  fail  to  respond  to  the  iax^ 
die  current  it  is  of  but  little  worth  to  use  it ;  it  is  far  better  to  depend 
on  the  galvanic  current.  In  this  disease  the  current-reverser  eleccn»de 
is  exceedingly  convenient.  A  current  just  sufficient  to  produce  ooo- 
traction  of  the  muscles  is  better  than  stronger  carreoXs^  and  i^Mvt 
plications  axe  preferable  to  long  ones. 

Pacini  paralyns  from  expotmrg  U  eM^Lus  efemtrattUily  Ufarodu  eurrent — /••_ 

prTvem^Mt  under  the  gahtanie  current. 

Case  LXtl  — Mi**  P.,  a  stoat,  vigorous  jroung  lady  of  15.  was  sent  to  us  by  Dr.  F," 
EUiot,  CO  t*e  treated  for  paritysis  uf  ttie  ieveaib  pair,  on  the  left  side,  caused  by 
cqMNOre  to  a  dfaagfat  of  air  two  months  previoa&.     Tbe  paralytic  symptooB  caaw 
4NI  •vddealy  aad  in  full  force  immediately  after  tlie  etposure,  and  at  first  she  eapni- 
enced  coniiderable  dif&culty  lq  speaking. 

She  gradually  became  k>  accustomed  to  tbe  aboormal  c<nditioD  of  her  lips  and  fkce 
that  1^  wu  able  to  converse  almost  as  dearly  as  before ;  but  the  Itnprovcmeat  In  the 
ooudkion  of  the  paralyxed  muscles  was  very  slow,  and  at  the  time  she  came  to  as  tbe 
afctiwi  appeared  to  be  almost  stationary.  At  the  time  she  recei«<ed  tl»e  ink  a|ipft> 
catkm  at  our  hands  (Aug.  i,  1862),  she  presented  mort  of  the  usual  cyai|iU>as  of 
paralysis  of  tbe  seventh  pair. 

Her  mouth  was  drawn  over  towards  the  healthy  side  $0  violently  as  to  produce  ( 
AleraMe  deformity  when  she  laughed  or  conversed,  and  even  when  she  smiled. 
Ac  attempted  to  frown,  the  left  brow  remuned  as  smooth  as  that  of  a  child. 

Her  left  eye  rolled  up,  and  when  she  attempted  to  close  it,  the  lids  would  not  ap- 
proach nearer  than  one-quarter  of  an  inch  to  each  other.  \  powerful  faradic  current, 
kMaditod  in  the  aifccted  muscles,  produced  very  feeH*  ■  imperfect  contractions  j 
while  on  the  sound  side  a  very  mild  current,  applied  w:\.  the  hand,  produced  actrvt 
Matractions  of  all  the  principal  muscles.    The  patient  was  so  well  is  aG  other  respect^ 
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that  we  decided  la  rae  only  paiilal  or  localired  electrixalion  over  «11  the  rattsdcs  <m 
the  left  ^de  of  the  face.  Two  vigorous  applications  made  in  this  way^  one  electrode 
being  placed  firmly  in  front  of  the  ear,  and  the  other  passed  over  the  ramilioition!^  of 
the  seventh  pair,  as  well  as  over  the  individual  muscles^  did  not  teem  to  iacrease  10  an^ 
appreciable  extent  the  electro-muscular  contractility,  and  accordingly  we  resc^Tcd  to 
adopt  an  entirely  different  method  of  warfare. 

The  next  time  we  localized  the  galvanic  current  through  the  left  side  of  the  face» 
and  with  the  best  restdts.  Contractions  of  the  paralyzed  musdes  were  at  once  pro- 
duced that  were  as  vigorous  and  as  natural  as  those  caused  by  the  faradic  current  oi> 
the  healthy  side,  and  by  a  current  that  had  no  effect  on  the  healthy  side. 

The  patient  began  at  once  to  improve,  and  after  ten  visitis  distributed  over  a  period 
of  six  weeks,  she  was  dismissed  as  approximately  cured.  There  still  remained  some 
deficiency  of  action  of  the  muscle&  concerned  in  frowning  and  in  winkii^  but  the  ex- 
presrion  of  her  face,  both  in  repose  and  in  conversation,  was  normaL 

The  interesting  points  in  this  case  are  tiiese  : — 

J^irs/.^-Thc  galvanic  current  produced  contractions  and  wrought  a 
cure  when  the  induced  or  faradic  utterly  failed. 

Sfcond. — The  paralyzed  muscles  were  at  first  brought  to  contraction 
by  a  galvanic  current  that  had  no  effect  whatever  on  the  mtiscUs  of  the 
healthy  side.  As  the  patient  improved,  however,  it  became  necessary 
to  use  a  stronger  galvanic  current  in  order  to  produce  the  contractions. 
Towards  the  close  of  the  treattnenl,  the  muscles  of  the  paralyzed  side 
began  to  respond  to  the  faradic  current. 

That  the  faradic  current  may  sometimes  work  well  in  facial  paralysis 
is  shown  by  the  following  case  : — 

Partial  ^alysis  of  tkt  right  tidt  0/  thtface^  with  tontr action  of  mutcUs  follomin^ 
neuralgia — Approximatt  retovery  under  IxaJited faradiiation . 

Cask  LXIII.— Miss  J.,  aged  40,  caroe  to  us  in  the  early  part  of  September,  i868» 
to  be  treated  for  a  facial  paralysis  of  a  peculiar  character.  Her  face  was  drawn  to 
:he  right  side,  so  that  her  features  were  vtty  much  distorted.  We  at  first  supposed, 
and  \'ery  naturally,  that  the  case  was  one  of  paralysis  of  the  seventh  pair  of  the  itft 
ride,  bat  a  more  careful  examination  led  us  tu  modify  our  diagnosis. 

Her  hbtory  was  as  follows :  Several  years  before,  while  occupied  in  a  day  and  nigM 
attendance  at  the  bedside  of  a  sick  friend,  she  was  suddenly  attacked  with  severe  facial 
neuralgia  of  the  right  side,  that  continued  to  annoy  her  for  two  months.  The  diseaflt 
then  abated,  but  sbce  that  time  she  had  been  frequently  harassed  by  perastent  numb- 
ness in  the  right  arm  and  hand. 

On  localizing  a  strong  faradic  current  through  the  muscles  of  the  left  side  of  tba 

I  (ace,  powerful  contractions  were  exdted.  On  the  right  side  no  such  dTect  could  bt 
produced. 
Furthermore  her  right  eye  was  nearly  closed,  owing  to  a  partial  ptosis,  and  whtlt 
ibe  could  east!y  frown  and  corrugate  the  left  brow,  the  right  was  entirely  smooth  and 
«X|imiionleM>  It  was  very  evident,  both  from  the  history  of  the  case  and  from  symp 
tool'  at  the  time,  that  the  right  side  was  paralj'xed,  and  tict  the  left,  as  at  first  *^ 
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peared,  &n<l  that  the  face  was  drawn  towards  the  right  by  th«  contractions  cf  the  m 
ties  following  the  paralyHs, 

Trousseau  has  described  this  condition  so  accurately  that  we  quote  his  own  languag* 
as  it  appears  in  the  translation  of  Bazaire.* 

After  relating  the  symptoms  of  a  patient  suffering  from  paralysis,  he  says:  *' I( 
left  facial  paralysis  was  thought  of  at  first  sight,  the  depression  of  the  lower  Ud»  and 
the  less  marked  expansion  of  the  nostril  on  the  right  side,  were  already  sufficient  to 
cause  a  modification  of  the  diagnosis.  But  when  the  patient  attempted  to  move  that 
side  of  her  face  there  could  no  longer  be  any  hesitation,  and  it  beoune  manifest  that 
it  wu  the  right  side  which  was  affected.  When  she  spoke,  and  still  more  when  she 
Uagfaed,  her  face  was  pulled  with  force  to  the  left,  the  upper  Up  and  the  ala  nasi  on 
that  side  going  obliquely  upwards,  and  the  labial  commissure  being  drawn  with  con* 
aderable  energy  upwards  and  outwards.  When  slie  attempted  to  blow,  her  left  cheek 
■welled  and  her  mouth  remained  closed  on  that  side,  whilst  her  rij^ht  cheek  was  flaccid 
and  her  mouth  opened  out  a  tittle  on  that  side.  Besides,  she  could  not  shut  her  right 
eye,  however  much  she  tried" 

In  this  case  we  used  only  the  faradic  current,  localizing  the  electricity  as  nearly  as 
possible  along  the  course  of  the  portio  dura  and  its  ramifications.  To  accomplish  this 
the  small  positive  electrode  was  pressed  firmly  on  the  point  where  the  nerve  emerget 
from  the  temporal  bone,  white  the  n^;ative  was  moved  along  its  various  terminal 
branches. 

No  particular  results  were  obtained  from  the  first  application,  but  during  the  second 
vist  slight  contractions  were  produced  on  the  right  side,  and  it  was  then  tioticed  that 
the  eyelid  did  not  fall  so  low  as  before. 

In  the  course  of  a  few  days  the  patient  again  visited  us,  when  the  improvement  was 
quite  marked-  There  was  considerable  relaxation  of  the  contracted  musdes,  and  the 
«lectro-mu&cular  contractility  was  readily  demonstrated.  At  the  fourth  visit,  which 
occurred  about  two  weeks  from  the  commencement  of  treatment,  the  ptos-s  was  hardly 
noticeable,  and  the  power  of  corrugating  the  occlpito-frontalis  on  the  right  side  was 
perfect.  There  still  remained,  however,  some  distortion  of  the  features,  owing  to  the 
obstinate  nature  of  the  muscular  contractions,  and,  although  she  subsequently  received 
quite  a  number  of  applications,  the  contraction  was  not  so  entirely  dissipated  as  were 
all  the  other  symptoms. 

Faciai  paralysis  existing  three  weeks — Immediate  effeetsof  faradiustion. 

Cask  LXIV.— Mr.  C,  aged  35,  a  patient  of  Dr.  Joseph  Worster,  had  Ijeen  af- 
flicted for  three  weeks  with  paralysis  of  the  seventh  pair,  in  the  right  Mde. 

The  patient  complaJnetl  of  a  peculiar  tingling  and  occasional  numbnew  in  the  hands 
and  feet  that  we  regarded  as  an  indication  of  slight  central  disturbance.  In  all  other 
respects  his  health  was  excellent.  A  local  application  of  the  faradic  current  resulted 
in  immediate  benefit,  and  two  more  i^eances  were  followed  by  approximate  recovery. 

Paralysis  from  Pressure  and  a»/*/.— Paralysis  sometimes  occurs  from 
pressure  on  the  nerves  of  the  arm  during  sleep,  and  most  frequently  in 
persons  who  are  intoxicated. 

Paralysis  of  the  arn^  may  also  arise  from  the  pressure  of  a  board  or 
any  other  hard  object  under  the  ami.  It  may  also  be  caused,  like  faciaj 
•  Lectures  on  Clinical  Medicine,  Part  11..  p.  322. 
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paralysis,  by  exposure  ta  co!d-     Paralysis  may  arise  also  from  the  pre** 
sure  of  the  foetus  in  parturition. 

All  these  forms  of  peripheral  paralysis  may  be  treated  by  electricity, 
preferably  by  the  galvanic  current,  and  with  curative  results,  unless  the 
nerve  be  too  severely  injured. 

Psraiyiis  of  wtuseUs  of  right  thigh  ;  apparently  produced  by  exposure  to^td^^Am* 
mxtkuia-'ImprffoemeHt  under  gahfaHttation — /tier ease  in  siu  of  limb. 

Case  LXV. — Miss  F.,  aged  about  20,  first  observed  a  slight  pain  and  soreness  fai 
the  muscles  of  the  right  thigh,  that  readily  yielded  to  a  few  applications  of  the  faradk 
corrcnt.  Five  months  sobsequently,  after  several  hours'  ex[x>sore  to  cold  and  wet, 
ibe  experienced  considerable  pain  in  the  right  limb,  and  also  a  marked  degree  of  stiff- 
ness, tha.t  disappeared  temporarily  after  walking  a  few  times  around  the  room. 

In  a  few  days  the  pain  extended  to  the  hip  and  involved  tbe  whole  iimb,  which  sooa 
became  completely  puiralyzed,  and  fur  two  weeks  she  suffered  excessive  pain  both  day 
and  nighL  Three  months  later,  when  it  was  decided  that  the  patient  should  be 
tr«^ted  by  electricity,  she  was  able  to  move  about  the  house  with  the  aid  of  crutches, 
although  the  limb  remained  almost  perfectly  powerless. 

The  anaesthesia  over  the  quadriceps  muscle  was  very  decided,  the  Ksthesiometer 
firoducing  two  impressions  only  when  its  po'mts  were  separated  four  inches,  and  the 
dectro-muscular  contractility  was  entirety  absent  in  all  tlie  external  or  surface  musdei 
«f  the  thigh  and  in  a  portion  of  the  leg.  The  thigh  had  atrophied  to  the  extoit  of 
an  inch  and  one-baI£, 

Ten  applications  of  the  faradic  current  entirely  di^pated  the  anaesthesia,  so  that  it 
was  necessary  to  separate  the  lesthesiomctcr  but  three-quarters  of  an  mch  in  order 
that  two  impressions  might  be  received. 

Tl»c  same  current  partially  restored  also  the  electric  contractility  of  the  diseased 
fnusclcs ;  but  it  was  not  until  ^  gatuanic  current  of  cotwidtrable  intensity  was  em- 
ployed a  number  of  times  that  they  ref^pooded  healthfully  to  its  influence. 

The  faradic  current  was  again  resorted  to  and  persistently  used  for  several  months. 

The  limb  gradually  increased  in  strength,  so  that  she  was  able  to  ^AV.  readily  with 
the  aid  of  a  cane.  It  increased  also  m  size,  so  tliat  around  the  thi^h  it  measured  but 
one-quarter  of  an  inch  less  than  the  sound  limb.  Time  alone  can  tell  whether  she 
will  uliunatcly  regain  complete  control  over  the  disea^  member. 

Compute  paralysis  of  the  flexors  and  extensors  of  the  wrist  and  fingers^  eausod  by 
pressure— ^Cured  by  three  local  applications  of  the  faradic  current. 

Case  LXVL — Mrs.  P.,  aged  30,  was  suffering  from  complete  paralysis  of  the  ex* 
tensors  and  flexors  of  the  wrist  and  the  right  arm.  Eight  weeks  before  she  had  held 
her  little  child  in  her  arms  all  of  the  day.  The  ri^t  arm  was  of  course  used  tbe  most. 
In  the  evening  she  fell  asleep  in  a  rocking-chair,  with  nearly  the  whole  weight  of  the 
child  restmg  on  the  right  arm.  In  tbe  course  of  an  hour  she  awoke,  to  find  tbe  wrist 
uu\  Angers  paralyzed.  No  improvement  had  been  manifest  in  the  condition  of  the 
ports  up  to  the  time  we  saw  her. 

The  tissues  below  the  wrist  were  decidedly  anaesthetic,  but  electro-muscular  con- 
tractility was  little  impaired.     Three  local  applications  of  the  faradic  current  alone,  ia 
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In  regard  to  posterior  spinal  sclerosis  we  have  tiiese  remarks  t;. 
offer: 

1.  The  great  exciting  causes  of  the  disease  are  exposure  to  wet  and 
cold,  mechanical  injury^  and  syphihs.  It  is  a  fact  not  thoroughly  ap- 
preciated by  the  profession  or  by  the  people,  that  it  is  as  possible  to 
take  cold  in  the  cord  as  in  the  lungs.  Cold  in  the  cord  manifests  itself 
just  as  cold  anywhere  else  manifests  itself, — that  b,  by  congestion ;  and 
if  the  colds  are  repeated,  the  congestion  becomes  a  fixed  condition 
that  is  not  easily  resolved,  and  in  time  may  go  on  to  the  conditioD 
known  as  posterior  spinal  sclerosis,  or  locomotor  ataxia. 

The  connection  between  this  structural  lesion  of  the  cord  and  expo- 
sure to  wet  and  cold  is  not  always  directly  apparent,  is  but  rarely  sus- 
pected by  the  patient,  and  almost  never  inquired  into  by  the  physician, 
partly  because  of  its  remoteness,  and  partly  because  the  professional 
mind,  at  least,  has  been  diverted  in  the  direction  of  sexual  excess  ai 
the  one  great  cause  of  ataxia. 

The  mechanical  injuries  that  most  frequently  give  rise  to  sclerosis  of 
the  cord  are  severe  blows  and  falls,  or  the  shock  of  accidents  of  almost 
any  kind.  It  is  not  necessary  that  the  injury,  whatever  it  may  be, 
should  be  received  on  the  spine  or  head,  in  order  to  cause  symptoms 
of  ataxia.  A  violent  concussion  from  any  injury  that  is  directly  felt  on 
the  arms  or  legs  may  have  the  same  effect  as  a  direct  injury  to  the 
back. 

2.  The  cord  is  predisposed  to  take  cold  by  any  causes  that  tend  to 
exhaust  it.  Among  the  more  prominent  of  these  causes  are  long 
marching  or  violent  and  wearying  muscular  exertion  of  any  kind,  espe- 
cially of  the  sort  that  draws  heavily  on  the  lower  part  of  the  cord,  ex- 
cessive intellectual  exertion,  and  sexual  excesses.  The  two  latter  pre- 
disposing  causes,  excessive  intellectual  exertion  and  sexual  excesses^ 
operate  far  less  frequently  than  the  purely  physical  causes. 

3.  In  regard  to  the  supposed  influe  oce  of  sexual  excesses  on  thii 
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disease^  the  profession  must  revise  its  opinion.  That  sexual  excessei 
constitute  an  important  factor  in  the  causation  of  nervous  disease* 
must  be  admitted,  but  it  is  not  structural  so  much  as  functional  diseases 
that  they  excite. 

One  plausible  reason  for  suspecting  that  sexual  excess  is  the  cause 
of  ataxia  is  found  in  the  unnatural  sexual  desire  that  so  often  precedes 
the  ataxic  s3anptoms.  The  increase  of  desire  naturally  calls  the  atten- 
tion of  the  patient  to  the  sexual  organs,  and  almost  compels  a  certain 
amount  of  abuse  j  and  when  questioned  concerning  his  habits,  it  is  no 
marvel  that  he  recalls  and  confesses  his  recent  experience  in  this  re- 
spect Now,  this  increase  of  sexual  desire  is  often,  if  not  always,  the 
^ect  of  spinal  congestion,  by  which  the"  cord  is  rendered  excessively 
active  ;  it  is  a  sign,  not  of  health,  but  of  disease.  It  is  not,  however, 
nor  is  the  abuse  which  it  invites,  the  cause  of  the  degeneration  of  the 
cord  into  which  congestion  leads. 

The  most,  then,  that  can  be  said  of  sexual  abuse  in  its  rehtion  to 
ataxia,  is  that,  by  weakening  the  cord,  it  may  in  certain  tempcaments 
prepare  the  way  for  colds^  mechanical  injuries,  or  perhaps  for  svphilia^ 
to  enter  in  and  take  possession. 

4.  It  is  more  frequent,  so  far  as  we  can  learn,  in  the  North  tf^an  in 
the  South  ;  cold,  damp  climates  favor  its  development.  In  the  early 
stages,  long  residence  in  tropical  or  subtropical  regions  is  wo^t^v  of 
trial 

5.  It  is  very  often  complicated  with  congestion  and  sclerosis  of  the 
anterior  column.  The  neuralgic  pains,  of  which  so  much  is  said,  do 
not  appear  in  much  more  than  half  the  cases.  We  are  not  yet  able  to 
»ay  whether  they  are  a  good  or  a  bad  symptom.  One  thing  is  sure 
the  worst  and  roost  obstinate  cases  we  have  yet  seen  had  no  neuralgic 
pains.  Another  point  equally  true  is,  all  the  characteristic  neuralgic 
pains  may  exist  in  those  who  never  have  ataxia. 

Electro- Diagnosis. — The  electro-muscular  contractility,  or  at  least  /r- 
ritability,  may  be  normal  or  increased.  This  fact  distinguishes  locomo- 
tor  ataxia  from  ordinary  paralysis  of  motion  depending  on  anterior  or 
spinal  sclerosis,  in  which  the  electro-muscular  contractility  is  usually 
diminished.  The  electro- muscular  contractility  may,  however,  be  di- 
minished in  certain  forms  and  stages  of  posterior  spinal  sclerosis,  01 
when  complicated,  as  it  may  be,  with  anterior  spinal  sclerosis  or  with 
hysteria  or  general  congestion  of  the  cord,  or  of  the  membranes. 

Prognosis. — The  prognosis  of  this  disease  under  electrical  treatment 
alone,  or  iii  combination  with  drugs,  may  be  thus  generally  stated  :  A 
very  small  proportion  of  cases  apparently  recover;   a  considerable 
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■MHibcr  aie  vcty  grcailj  hcacited  9  aA  ihekadiii 

die  AOM  amber  are  bat  Jjglmly  beaci>ed ;  aad  b  a  few  cases  abwv 

lately  acHkizv  is  accoaBpfaitcd 

Tbc  proportioo  of  abaolofe  cures  is  so  snail  diat  tboe  is  a  natural 
frmpfalion  lo  doabc  tbe  (JagaoiM  or  pathology  of  any  reported  csre. 
The  cases  that  are  brooght  oa  bjr  naerhanical  iBJmj,  especiall/  by  cod- 
Cttiaoa,  ofer  the  best  prognosis ;  and  tbis  is  tme,  we  beliere,  oi  otber 
ocrvoos  <fi90ixkrs.  The  expianatioo  would  appear  to  be  tbat  the  dis- 
ease excited  by  coocussioo  is  of  a  temporvy,  aod  comparatirely  tiaa- 
aieni,  character,  and  the  character  of  the  leskn  is  hi  less  serere  than 
in  those  cases  that  cone  on  alotrly,  throogh  loag  jrears  of  iacobatioo. 
In  oar  observation  the  iDOSt  atisfartory  itprorcwent  has  been  in 
those  cases  of  ataxia  that  were  brought  on  by  coocnaaoo.  This  is  also  * 
true  of  p2xalysis  in  general,  excepting,  of  coorse,  those  cases  where  the 
spinal  cord  is  directly  and  seriously  injured. 

Most  of  the  published  statements  in  r^ard  to  the  progno^  of  the 
disease  under  electricity,  as  indeed  under  any  other  form  of  treatment, 
must  be  received  with  great  caution.  Many  of  the  physicians  who  re- 
port the  cases  have  perhaps  never  before  seen  a  case  where  they  made 
the  diagnosis  of  ataxia,  aod  in  the  instance  that  they  publish  there  ia 
much  probability  of  deception  ;  and  this  probability  is  increased  if  the 
patient  perfectly  and  permanently  recovers.  Hysteria  comes  in  lo 
complicate  the  diagnosis,  and  some  of  the  reported  cures  have  been, 
without  doubt,  of  an  hysterical  character.  Spinal  congestion  is  ver> 
often  mistaken  for  spinal  sclerosis  ;  the  symptoms  run  into  each  other, 
and  the  former  in  some  cases  leads  to  the  latter.  But  spinal  conges* 
tion  is  relievable  and  curable,  while  spinal  sclerosis  is  rarely  so.  Some 
of  the  supposed  cures  have  been  very  likely  simply  remissions  in  the 
course  of  the  disease. 

Treatment. — Ataxia  may  be  treated  electrically  by  a  combination  of 
several  different  methods  of  electrical  application  :  Galvanization  of 
the  spine,  central  galvanization,  and  general  faradization  when  cere> 
bral  disturbance  or  general  ataxia  of  the  nervous  system  appear; 
galvanization  of  the  cervical  sympathetic,  and  peripheral  CaradLzatioa 
with  sponges  and  the  metallic  brush.  All  these  various  applications 
may  be  made  with  weak  or  strong  or  mediiun  currents,  according  to 
the  wants  of  each  case. 

We  have  found  good  results  from  simply  treating  the  leading  symp- 
tom,— the  anaesthesia, — without  any  special  reference  to  the  cord.  We 
do  this  by  means  of  tlie  nK^talHc  brush,  or  by  a  dnely-pointed  metallic 
electrode,  making  the  application  over  the  feet,  legs,  arms,  and  all  paitl 
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of  the  body  that  arc  anaesthetic.  The  end  justifies  the  means.  We 
have  found  more  good,  in  some  cases,  from  this  method  than  from  gal- 
vanization of  the  spine  and  all  the  other  methods  combined.  When 
the  anaesthesia  is  profound  and  permanent,  currents  of  great  strength 
are  sometimes  not  only  not  disagreeable,  but  positively  agreeable. 

In  recommending  this  method  we  do  not  recommend  exclusive  reliance 
tipon  it ;  it  is  to  be  used  in  alternation  with  the  other  methods  of 
■which  we  have  spoken.  It  should  not  be  forgotten  that  the  reflex  ef- 
feci  of  powerful  peripheral  faradization  on  the  cord  may  be  of  greater 
service  than  galvanization  of  the  spine. 

/Wfrnw  ifnnal  scttrotis — C<f*uussi0n  of  the  sptnt  eompiitaied  vrith  attacks  of  a^ha- 
SM  attd  vteeping —  Very  unusual  improvement  under  gah/anitatum  of  the  spine  and 
nitrate  i/f  silver. 

Cask  LXX. — Dr.  N.,  amedical  gentleman,  over  70  years  of  age,  was  brought  toiu 
November  9,  1S72,  by  Dr.  Corey.  About  six  months  before,  the  doctor  undertook  to 
get  on  A  »lrv.-et'car,  but,  tbe  iron  support  being  loo.se,  he  slipped  and  fell  on  hi^  hip  and 
leg,  anil  fur  this  he  was  treated  sorgically.  He  was  laid  up  with  the  injury  to  the  le^ 
And  hip  for  some  weeks.  Certain  nervous  symptoms  also  begao  to  appear  after  a  few 
week!^  but  they  were  not  referred  to  any  injury  of  the  cord,  and  spinal  lideroiis  was, 
very  naturally,  not  suspected.  Dr.  Corey  had  made  the  diagnosis  of  degeneration  of 
the  cord  before  bringing  him  to  u=,  and  this  diagnosis  corresponded  with  our  own. 
The  patient  bad  a  stiff  and  uncertain  gait,  and  could  not  turn  round  quickly  without 
CaJling,  Dor  staod  still  when  his  eyes  were  closod.  A  strange  complication  was  occa- 
sional attacks  of  utter  uability  to  speak,  accompanied  with  suffusion  of  the  face  aad 
nhedding  of  tears.  These  came  on  under  any  special  excitement,  and  lasted  from  one 
to  five  minntcs. 

The  anaesthesia  and  analgesia  of  the  lower  limbs  were  profound,  and  electro-sen- 
sbiiity  was  but  slight ;  but  there  was  no  loss  of  electro-muscular  contractility,  and  no 
moigr  disturbance  whatever.  There  was  also  a  deficiency  of  the  aense  of  pressure, 
«&  indicated  by  ih^  piesmeter.  At  night  there  was  great  pain  in  the  back,  with  a  sen- 
sation of  numbness  that  often  compelled  him  to  rise  and  walk  the  room. 

As  the  patient  was  entirely  well  at  the  time  of  tbe  accident,  and  as  the  symptoms 
of  sclerosis  followed  or  at  least  began  to  appear  a  few  weeks  after  the  accident,  and 
as  there  was  no  evidence  of  exposure  of  any  kind,  it  was  dearly  a  case  of  traumatie 
ataxia. 

The  case  was  subsequeally  brought  into  court,  in  order  to  collect  damages  of  the 
railroad  company,  and  was  decided  m  favor  of  the  patient.  Being  called  upon  to  tes- 
tify, we  gave  it  as  our  opinion  that  the  disease  from  which  the  old  gentleman  sulTered 
was  of  so  grave  a  character  that  be  would  never  recover,  but  would  be  a  great  sufferer 
imtil  he  died. 

We  subsequently  treated  the  above  patient  by  mild  galvanization  of 
the  spine,  and  nitrate  of  silver,  and  in  tbe  course  of  a  month  he  began 
to  inij)rove,  and,  what  is  more  remarkable,  the  improvement  continued 
He  did  not  fully  recover,  but  was  able  to  resume  active  labors* 
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Eledro-Diagnasis. — In  cases  of  progressive  mnscttUr  atrophj  tin 
dectro-muscular  contractility  is  either  diminished  or  destroyed.  Elec- 
tromuscular  sensibility  is  usually  diminisbed.  Vaiioas  cbangies  tSk 
muscular  irritability  may  take  place  daring  tbe  progress  of  the  dcMue. 

Reflex  contractions  occur  in  mascolar  atrophy.  Di^gu  c^miraetimu 
also  appear  in  this  disease.  These  facts,  taken  in  connection  with  the 
history  of  the  case,  tbe  atrophy,  the  fibrillary  contractions,  cwellii^^ 
and  anchylosis  in  the  bones  and  joints,  the  anaesthesia  and  the  neoxal- 
gia,  make  up  the  diagnosis.  Diplegic  contractioDS  were  first  observed 
in  muscular  atrophy  by  Remak ;  they  have  siuce  been  observed  in  hys- 
teria and  other  irritable  conditions. 

The  disease  does  not  always  exist  alone  ;  it  may  be  complicated  with 
locomotor  ataxia,  with  paralysis  of  the  cranial  nerves  and  other  disorders 
of  the  brain. 

Prognosis  and  Treaiment. — Our  better  and  increasing  knowledge  of 
the  possibilities  of  electro-therapeutics  fortunately  enables  us  to  modify 
to  some  extent  the  prognosis  in  this  disease.  That  the  prognosis  is 
grave  cannot  be  denied,  but  by  persistently  following  out  the  treatment 
that  of  late  years  has  proved  so  successful,  we  confidently  assert  that 
not  only  may  the  disease  be  arrested  far  more  frequently  than  in  the 
past,  but  that  in  not  a  few  instances  tlie  nutrition  may  be  so  fiar  tm> 
proved  as  to  amount  to  approximate  recovery. 

In  no  other  forms  of  disease  does  it  seem  to  us  so  important  that  es- 
pecial emphasis  should  be  laid  on  the  electrical  treatment  as  in  those 
of  the  so-called  progressive  character.  In  many  of  the  phases  of  pa- 
ralysis, in  the  neuralgias  and  in  most  forms  of  local  and  constitutional 
disturbance  where  the  indications  call  for  electricity,  other  remedies 
as  well  have  their  uses,  and  in  many  instances  are  even  of  grealci 
service. 

When  we  advance,  however,  to  the  consideration  of  those  ominously 
progressive  disorders,  ataxia  and  muscular  atrophy^  we  recognize  the 
fact  that,  witli  the  exception  of  those  cases  which  depend  on  a  syphilitit 
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taint,  our  ordinaij  remedies  excjcisc  but  little  control  over  tfaeir  prog^ 
ress.  Wc  have  therefore  almost  in  despair  turned  to  the  therapeutics 
of  electricity  in  these  diseases,  and  although  it  has  failed  by  far  to 
accomplish  all  that  could  be  desired,  it  has  yet  proved  to  be  more 
efficacious  than  is  generally  credited.  In  some  cases  it  certainly  arrest; 
the  disease. 

As  a  rule  we  alternately  make  use  of  central  galvanization  in  its  most 
thorough  form  with  faradization  and  galvanization  of  the  affected 
muscles. 

Persistent  faradization  of  individual  muscles  has  been  alone  recom- 
mended  by  Duclienne,*  and  among  others  who  have  reported  recover- 
ies by  this  simple  and  single  method  might  be  mentioned  Dr.  Alex.  P. 
Fiddian. 

The  case  \  that  he  details  was  treated  by  that  form  of  electricity 
generated  by  the  old-fashioned  magneto-electric  machine,  and  although 
the  authenticity  of  the  statements  cannot  be  doubted,  yet  a  knowledge 
of  the  combined  experience  of  those  who  have  accomplished  most  in 
electro-therapeutics  must  confirm  us  in  the  assertion  that  in  order  to 
achieve  the  best  results,  both  currents  must  be  used  and  the  applica^ 
tions  directed  to  the  nerve  centres  as  well  as  to  the  affected  muscles. 

I^'ograsive  muscular  atrophy  c/  mtucUs  of  th*  right  hand,  thret  year^  standing — 
Pain  in  back — ffumhness,  and  toldntss,  and  neuralgia  of  tfu  arm^Disease  af 
thi  skin — Arrtsi  of  the  disease  under  gah'amtalion  of  the  spine  and  ptriphermi 
faradisation. 

Case  LXXL— Mr.  N.,  a  gentleman  of  middle  life,  was  brought  to  m  by  S.  J.  Hol- 
ley,  November  14,  1S70.  The  patient,  who  had  a  strong  constitution,  for  three 
years  had  been  suffering  from  atrophy  of  the  muscles  of  the  ball  of  the  thumb  of  the 
right  hand.  The  disease  had  been  gradual  in  its  onset,  and  very  gradual  in  ilt 
advance,  and  by  various  treatment — medicines  and  faradization  of  the  muscles— had 
been  more  or  less  modified.  The  atrophy  was  preceded  by  pain  in  the  back  in  the 
region  of  the  third  dorsal  vertebra.  This  spot  we  found  to  be  tender  on  pressure, 
and  aliio  lender  under  the  electric  current.  A  galvanic  current  applied  to  the  tender 
spot  caused  at  once  a  sensation  in  the  affected  tutnd.  There  were  in  the  hand  per* 
tistent  coldness  and  great  numbness,  with  anaesthesia,  and  also  impairment  of  the 
sense  of  pressure  as  determined  by  examination  with  the  piesmeter,  and  there  wa* 
cnfeeblement  of  the  sexual  power.  The  coldness  and  numbness  were  first  felt  six 
years  before  in  the  track  of  the  ulnar  nerve ;  the  pain  in  the  back  appeared  6ve 
years  before,  and  two  years  after  that  the  muscles  of  the  hand  began  to  atrophy. 
At  one  time  there  had  been  evidences  of  an  acute,  or  rather  subacute,  congestion  of 
the  cord,  with  the  symptoms  of  numbness  of  half  the  body  on  the  right  side  ;  aiuM* 
thesia  of  the  rectum,  so  that  the  faeces  were  passed  unconsciously,  and  severe  oea« 

•  De  r  Electrisation  Localisee,  p.  70a. 

t  Med.  Time*  and  Gaiette,  July  20,  1872,  p.  66k 
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Once  a  week  the  patient  was  submitted  to  general  faradixation,  aod  three  tunes  a  wedi 
to  galvanUation  of  the  spine,  and  faradization  of  the  afTected  muscles.  Spasmodic 
contraction  occasionally  occurred  in  the  flexor  muscles  of  either  arm  aiid  hand,  and 
these  contractions  were  always  aggravated  if  the  faradic  current  was  applied  to  these 
muscles,  while  a  mitd  continuous  galvanic  current  afforded  great  relief.  The  above 
treatment  was  continued  uninterruptedly  for  four  months,  when  it  could  readily  b« 
teen  that  there  was  an  appreciable  increase  m  the  size  of  the  atrophied  muscles,  espe- 
dally  those  between  the  thumb  and  Index  finger.  He  was  again  able  to  write  with 
coosderable  readiness,  something  which  he  had  not  attempted  for  several  montha. 
His  limits  had  gained  markedly  in  strength*  ud  he  seemed  approximately  welL 

progressive  muscuJar  atrophy  wUh  paraiytis  of  tkt  extensor  muscies  of  th*  kastd'— 
Deeuiid  relief  under  local  faradization  and  gaJvanitation  of  the  sympathetie— 
Diplegia  eontrattions. 

Case  LXXIII. — A  gentleman,  aged  40,  was  sent  to  us  by  Dr.  J.  J.  Crane.  There 
was  decided  paralysis  of  the  cxleaw^r  muscles  of  the  right  hand,  with  such  marked 
atrophy  of  the  muscles  at  the  base  of  the  thumb  as  to  cause  both  the  thenar  and  hypo- 
ihenar  eminences  to  stand  out  in  bold  and  angular  relief.  Spasmcxlic  contraction?  of 
the  flexor  muscles  occasionally  occurred,  and  he  was  annoyed  by  sharp  oeuralgic  pains 
in  the  affected  part.  These  symptoms  were  first  noticed  somewhat  more  than  a  year 
previously,  and  the  apparent  cause  was  a  violent  jerk  that  he  had  received  about  that 
time.  The  patient  was  treated  by  galvanization  of  the  sympathetic,  and  faradization 
of  the  affected  muscles,  and  the  result,  after  some  twenty  stances,  was  approximate 
relief  of  all  pain  and  tendency  to  spasmodic  contractions;  the  grasp  became  stronger, 
and  the  patient  was  again  enabled  to  write  with  some  d^ree  of  readmes&  The  treat* 
raent  was  not  continued  sufficiently  long  to  enable  us  to  test  in  this  case  the  power  of 
faradization  to  increase  the  muscular  tissue. 

We  were  enabled  to  excite  in  this  patient  the  so-called  diplegic  contractions  of 
Remak. 

Muscular  atrophy  of  three  year i  standing — Increase  in  site  of  the  atrophied  muscles ^ 
and  approximate  relief  of  associated  symptoms — The  patient  stilt  under  treat- 

Case  LXXIV.— In  the  case  of  a  gentleman  of  50,  who  at  the  date  of  writing  is 
still  at  our  hands  receiving  treatment,  that  has  already  extended  ov«y  several  months, 
the  iaenefit  derived  has  been  of  the  most  decide<l  character.  The  first  symptoms  of  the 
disease  were  obt>erved  three  years  prior.  When  we  first  saw  him,  there  was  very 
marked  atrophy  of  the  muscles  of  the  right  hand  and  to  a  less  extent  of  those  of  the 
left ;  this  atrophy,  moreover,  was  making  appreciable  progress  from  month  to  month. 
There  was  paralysis  of  the  index  finger  of  one  hand  and  the  little  finger  of  the  other  ; 
suoden  spasmodic  contractions  of  both  hands  were  frequent  and  annoying,  and  there 
was  an  utter  inability  to  write.  Up  to  this  time  the  treatment  by  central  galvaniza- 
tion combined  with  faradization  of  the  atrophied  muscles,  galvanization  of  the  flexo-s, 
with  occasional  stances  of  general  faradliation,  have  vastly  improved  the  patient  tn 
every  symptom.  The  nutrition  has  been  so  far  improved  as  to  show  an  appreciable 
JDcrease  in  the  size  of  the  affecteil  muscles.  There  has  been  an  approximate  recovery 
«f  the  paralyzed  fingers ;  spasmodic  contractions  no  longer  annoy  him,  and  he  enjovi 
considerable  facility  with  the  pen. 
3' 
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Progressiva  Myo-ScUrotU  Paralysis  {Progressive  Muscular  Hyper 
tropky)^  Pseudo-Hypertrophic  Paralysis. — This  disease  of  childhood 
was  first  described  by  Dr.  Edward  Meryon,  in  a  paper  read  before  the 
Royal  Medical  and  Chirurgical  Society,  December,  1851.  A  case  was 
subsequently  rei)orted  by  Dr.  T.  King  Chambers,  in  the  Medico  Chirur- 
gical Transactions,  1854.  The  disease  has  been  observed  in  two,  three, 
and  four  children  of  one  family.  The  disease  has  been  systematically 
studied  by  Duchenne,  who  was  the  first  to  set  it  before  the  profession 
as  a  distinct  disease.  The  symptoms  of  this  affection  in  the  first  stage 
are  weakness  in  the  lower  limbs  and  flexion  of  the  toes  ;  in  the  second 
stage,  iturease  in  site  of  the  muscles  of  the  legs — especially  of  the  calves, 
of  the  back,  and  of  the  gluteal  muscles  ;  in  the  third  stage,  extension  of 
the  disease,  muscular  atrophy,  exhaustion,  and  death, 

Electro-Diagnosis. — Farad o- muscular  contractility  usually  diminished ; 
galvano-muscular  contractility  may  be  either  normal  or  exaggerated ; 
electro-muscular  sensibility  is  sometimes  diminished,  soraetiraes  normal. 

Prognosis. — The  patient  is  pretty  sure  to  die  in  the  course  of  a  few 
years.  In  the  second  stage  the  symptoms  may  remain  stationary  for  a 
long  time.  Benedikt  was  able  to  improve  a  case  of  two  years'  standing 
by  galvanization. 

Treatment. — Faradization  and  galvanization  of  the  aifected  mus- 
cles, central  galvanization,  and  galvanizatioii  of  the  sympathetic,  should 
tU  be  tried  in  succession  or  alternation. 


CHAPTER  XXIII. 


RHEUMATISM    AND   GOUT. 


Rheumatism  is  a  disease  for  which  electricity,  by  various  methods  t ' 

application^  has  been  employed,  with  more  or  less  success,  from  the  earlj 
periods  of  the  history  of  electro-therapeutics.  Next  lo  paralysis,  it  ii 
perhaps  the  disease  in  which  the  original  experiments  of  electro-thera- 
peutists were  most  frequently  conducted ;  and  for  the  reason  that  (like 
paralysis)  it  is  so  frequently  obstinate  to  ordinary  remedies. 

Treatment. — Being  a  constitutional  disease^  it  demands  constitutional 
treatment.  The  best  results  are  obtained  by  general  faradization,  com- 
bined with  faradization  or  galvanization  of  the  affected  joints.  To  con- 
fine the  treatment  to  the  affected  joint  is  iinphtlosophical,  and  usually 
more  or  less  unsatisfactory,  for  the  obvious  reason  that  it  attacks  merely 
a  local  symptom,  which  at  any  time  may  be  transferred  to  other  and 
remote  jjarts  of  the  body.  The  true  method  is  to  lay  the  axe  at  the  root 
of  the  tree  by  raaking  the  applications  general,  so  as  lo  bring  the  whole 
system  under  the  influence  of  the  current.  This  treatment  sometimes 
causes  increase  of  the  flow  of  urine,  and  almost  always  more  or  less  ex- 
hilaration, and  relief  of  the  pain.  Special  attention  should  be  given  to 
the  parts  which  are  chiefly  affected,  and  the  swollen  joints  should  be 
treated  by  mild  and  steady  faradization  or  galvanization.  Where  in  the 
acute  or  subacute  forms  the  immediate  effects  are  agreeable,  it  is  prob- 
able that  continued  treatment  will  be  of  service.  For  the  local  treat- 
ment the  galvanic  and  faradic  current  may  be  used  alternately. 

The  effect  of  the  current  on  the  inflamed  joints  is  to  reUeve  the  pain, 
reduce  the  inflammation,  and,  where  effusion  has  taken  place,  to  cause 
absorption.  Absorption  may  be  caused  by  both  currents,  in  some  cases 
more  powerfully  by  the  galvanic  If  the  currents  are  used  too  strong 
or  too  long,  the  pain  and  inflammation  may  be  increased.  For  appli- 
cations to  very  sensitive  and  painful  joints,  the  positive  pole  is  prefer- 
able  (see  p.  281).  For  rheumatic  callosities  and  anchylosis,  very  pro- 
1  longed  local  applications  of  the  galvanic  current  may  be  tried. 
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must  be  laid  on  the  distinction  between  the  chronic^  subacute^  emd  mu% 
cular  varieties. 

During  our  earlier  investigations  in  electro- therapeutics  we  treated 
perhaps  as  many  cases  of  rheumatism  as  of  any  one  class  of  disease. 
The  apparent  results  of  treatment  by  electrization  in  many  cases  of  mus- 
cular>  and  in  a  number  of  cases  of  the  acute,  subacute,  and  chronic  vari- 
eties of  articular  rheumatism,  excited  our  enthusiasm,  and  led  us  to  hope 
that  a  remedy  had  been  found  that  would  prove  very  generally  and  pow- 
erfully remedial  in  all  forms  of  this  disease.  Further  experience  and 
investigation  compel  us  to  declare  that  we  are  not  to  expect  such  rapid 
end  decided  benefit  from  electrization  in  the  worst  cases  oi  chronit  arti- 
cular rheumatism  as  we  at  first  supposed. 

The  most  uniform  results  are  obtained  in  the  muscular  form  j  the  next 
best  are  the  subacute  and  acute,  and  the  least  satisfactory  of  all  in  the 
chronic  stages. 

A  good  opportunity  to  note  the  immediate  effect  of  electrization  is 
afforded  in  those  cases  where  the  disease  is  of  such  severity  as  to  render 
any  of  the  muscles  of  the  body  almost  if  not  quite  powerless. 

Rfuumatk  paraiysii — Deeidtd  rtlUf  undtr  generat  furaditation. 

Case  LXXV.— TIic  sufferer  was  a  little  boy,  who  for  several  months  had  been  af- 
flicted with  both  acute  and  chrnntc  muscular  rheum  at  Um,  The  sterno-cleido-mastoitl- 
eus.  and  the  platysma-myoides  muscles  were  very  rigid,  and  frequently  contracted 
violently,  causing  acute  pain.  The  patient  was  unable  to  bring  his  jaws  nearer  lo 
each  other  than  one- half  an  inch,  while  it  was  impossible  for  him  to  turn  the  head  on 
either  side,  without  at  the  same  lime  turniiijj  the  whole  body. 

The  entire  head  was  exceedingly  sensitive  to  slight  pressure  with  the  finger&  The 
first  application  %vas  made  with  an  exceedingly  mild  and  fine  Taradic  current,  and  was 
of  ten  minutcii'  duration.  With  the  hand  and  ftngers  as  electrodes,  we  carefully  ma- 
nipulated the  head,  neck,  and  individual  muscles,  luitil  the  patient  could  close  his  mouth 
and  turn  his  head  to  either  ade  with  some  freedom,,  and  without  suffering  pain  or  incon- 
venience. 

In  about  a  week  the  patient  again  presented  himself.  He  could  still  close  his  jaws 
firmly,  but  was  unable  to  turn  his  head  as  readily  as  before.  A  second  application 
relieved  him  a5  completely  as  the  first.  To  our  rqgjet  we  saw  no  more  of  this  case 
after  the  second  visit,  but  learned  subsequently,  however,  that  he  retained  the  improve* 
ment,  and,  under  internal  medication,  recovered. 

iniereostat  rheumatism  of  tcng  standing— Improvement  under  general  faraditatiom. 

Case  LXXVl. — A  gentleman,  sent  to  us  by  Prof.  Austin  Flint,  was  approxi- 
mately cured  of  chronic  rheumatism  that  chiefly  affected  the  intercostal  muscles. 

For  nearly  three  years  he  had  suffered,  from  time  to  time,  attacks  of  more  or  le» 
severity,  although  at  no  time  since  the  di-Hrasc  first  raaaifested  itself  had  he  been  en- 
tirely free  from  it. 

It  was  a  singular  feature  of  his  disorder  that  it  was  aggravated  by  the  warm  weathef 
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of  firing  and  sonuner.  He  was  treated  by  geneml  electrization  with  the  faradic  cttr 
rent  every  other  day  for  six  weeks.  He  gradually  tmproTed,  and,  when  treatment 
in%  discontinued,  he  tctnained  comparatively  Cree  firom  any  symptoms  of  his  late  di»- 
ofder. 

Subacute  artkular  rheuMotism — Muicuior  s^eness  and  tnJargemtnt  of  JMtUs  r^ 
lirved  ty  tJtree  getural  faraditationu 

Case  LXXVII  — By  the  courtesy  of  Prof.  Austm  Flint  we  treated,  in  October, 
1S67,  a  case  of  subacute  articular  rheumatism  in  one  of  the  wards  of  Bellevue  Hospi- 
tal. For  three  months  the  patient  had  suffered  from  muscular  fureness  of  the  back 
and  shoulders,  and  a  considerable  enlargement  of  the  right  wri^t  and  ankle  and  the 
jomls  of  the  first  toes  of  the  feet.  Three  general  applications,  with  special  reference 
to  the  diseased  parts,  di^^sipateil  the  muacular  soreness,  and  so  decidetlly  relieved  the 
lameness  and  reduced  the  enlargements  of  the  joints  that  the  patient  was  discharged 
from  hospital  in  three  weeks. 

Both  acute  and  subacute  rheumatism  occasionally  occur  complicated 
with  neuralgia  and  nervous  exhaustion,  and  are  usually  verj-  persistent- 

Subacute  rheumathiH — Rfght  deltoid  muscle  and  several  jciuts  aud fingers  and  left 
knee  affected — Debility — Recovery  under  general  Jar  adiiat ion. 

Case  LXXVI  II.  — A  genitleinan,  aged  about  40,  observetJ  and  treated  by  invitation  of 
Dr.  Howard  Pitikney,  in  Oct.,  1867,  was  suffering  acutely  Irora  rbeumalic  paralysis  of 
the  right  deltoid  muscle,  symptoms  of  infiammation  of  the  sheath  uf  the  ri^ht  ulnar  nervt^ 
swelling  of  several  of  the  joints  of  the  fingers  of  the  left  hand,  and  a  very  painful  enlarge- 
ment  of  the  left  knee,  and  great  debility.  It  is  proper  to  state  that  the  patient,  as  well 
as  his  physician,  ascribed  his  great  nervous  prostration  partly  to  recent  and  excessive  dis- 
sipation. The  first  application  of  the  faradic  current  not  only  greatly  reduced  the 
teropwrature  of  the  affected  limbs,  but  restored  in  some  d^ree  the  lost  power  of  mo- 
tion to  the  right  arm.  Under  the  influence  of  the  current,  the  1^  increased  in  size  and 
remained  in  this  condition  for  about  a  week,  when  the  swelling  rapidly  subsided.  The 
heat  in  the  inflamed  jomts  did  not  again  rise  to  the  same  temperature,  and  the  poraly- 
sb  of  the  arm  progressed  gradually  towards  recovery  from  the  first  application. 

Anaesthesia  of  the  deltoid  was  a  marked  symptom ;  but,  as  is  usually  the  case,  it  was 
■eadily  dissipated. 

Treatment  by  electrisation,  together  with  potass  broroki.,  was  continued  from  Oct. 
aist  to  Nov.  9th,  when  the  patient  was  discharged  as  approximately  cured. 

Subscute  articular  rArumatism  of  nine  months''  standing — Approximate  recovery 
under  general  faraditation  and  gaivanimation  of  the  sfine^  sympathetic y  and 
solar  plexus* 

Case  LXXIX. — Mr.  S.,  aged  40,  had  for  nine  months  suflTered  constantly  from  sub- 
•cute  articular  rheumatism.  The  paroxysms  varied  in  severity,  and  the  seat  of  pain 
and  swelling  was  constantly  changing  from  the  finger-joints  to  the  wrist  and  elbow^ 
to  the  shoulders,  hips,  kne^,  and  ankles.  The  most  constant  location  of  the  diseaa* 
was  in  the  ankles  and  wrists,  and  in  consequence  incapacitated  him  from  pursuing  hit 
avocation  of  a  book-keeper.  He  was  treated  first  by  general  faradization  March  I7th» 
1873,  and  in  a  couple  of  days  the  galvanic  current  from  ten  ordinary  linc  carbon  odla 
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«m»  directed doo£  the  ipne  firxim  the  sztbcerrkalTaiebra  to  the  9oUr|dex^     Thii~ 
otethod  of  treanscot,  wUcb  was  ooottmied  for  two  months,  gndnally  lessened  Che 
tendency  to  tweUbg  end  tmtatiao  of  the  joints  end  ea^ed  the  patieot  to  resume  his 

Whea  the  treatment  was  disoontiniied,  he  had  not  entirely  recovered,  but  duiin^ 
the  stunmer  be  improred  still  further  and  through  the  following  winter  and  spring 
wa*  io  little  annoyed  by  his  old  enemy  as  at  no  time  to  be  compelled  to  intennit  his 
tlatiet  of  writing,  ereo  for  a  day. 

Myalgia  {Muscular  Rheumatisin). — ^This  name  is  commonly  applied 
to  neuralgic  or  rheumatic  pain  of  the  muscles  on  movement,  caused  usu- 
ally by  exposure  to  cold  or  dampness.  It  may  be  distinguished  from 
ordinary  neuralgia— /irx/,  by  tlie  fact  that  the  pain  occurs  chiefly  on 
movement  and  not  on  rest ;  and,  secondly^  by  the  fact  that  the  sore- 
ness is  diffused  through  or  over  the  muscles,  and  not  seated  or  fixe 
in  certain  nerve  tracts.  It  receives  different  names  according  to  its  lo-^ 
cality.  In  the  back  it  is  called  lumbago  i  in  the  thoracic  muscles, 
pleurodynia  ;  in  the  neck  it  simulates  torticollis  or  wry -neck  so  closely 
as  oftentimes  to  be  confounded  with  that  affection  (see  Torticollis), 

Treatment, — Local  faradization  with  a  mild  current,  either  stable  or 
labile,  usually  relieves  such  cases  in  a  short  time.  Stable  galvanizatioiiJ 
also  with  a  mild  current  may  be  at  once  effective.  Severe  application 
may  increase  the  pain  in  this  affection.  The  fact  that  the  patient  is 
not  at  once  relieved,  or  is  worse  after  the  first  application,  should  not 
discourage  us,  since  the  final  result  may  be  satisfuctory.  Of  the  large 
number  of  cases  that  we  have  treated,  nearly  all  have  been  relieved  by 
one,  two,  or  more  applications.  A  single  application,  with  a  mild  cur- 
rent,  prolonged  for  one  or  more  hours,  may  sometimes  entirely  dissipate 
an  attack  of  myalgia. 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc.,  worn  on  the 
body,  have  obtained  the  best  results.  A  convenient  arrangement  for 
making  prolonged  or  continuous  local  applications  of  very  mild  galvanic 
currents  is  the  electric  disk  of  Dr.  Gsuratt. 


•  •  •  ^  ?. 

•  ••#»Cl 

•  •  •  ^  ^  f » 


Circle  Disk. 


FUJ.     Ml. 

Oblong  Button  Dish. 


These  are  made  of  alloy — raagf  esium  and  zinc — for  the  negative,  and 
•liver  for  the  positive  pole.    The  surface  of  the  body  forms  a  moist  con 
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section  between  the  pairs,  which  are  insulated  by  thin  rubber.  Tin* 
disk  is  made  in  two  general  varieties — the  circular  and  the  oblong,— 
the  latter  being  used  for  the  limbs  or  back  ;  the  former,  which  is  vert 
flexible,  can  be  applied  to  almost  any  portion  of  the  body.*  The  verj 
slight  galvanic  action  of  these  disks,  which  is  excited  by  the  moisture  of 
the  body,  may  be  increased  by  wetting  the  skin  beneath  them  with  salt 
water.  They  should  only  be  worn  a  part  of  the  time,  either  in  the  day 
or  night.     They  may  be  used  for  weeks  and  months. 

That  these  and  other  similar  contrivances,  when  scientifically  con< 
slTucted,  may  relieve  slight  local  and  superficial  pains,  there  is  no  ques- 
tion. In  the  treatment  of  deep-lying  affections  of  the  brain,  spinal  cord, 
and  viscera,  or  severe  neuralgia,  very  many  important  results  have  not 
yet  been  reported  for  them.  The  results  that  appear  under  their  use 
may,  perhaps,  be  sometimes  explained  in  part  by  their  effect  on  the 
unaginadon  of  the  patient,  and  by  the  counter-irritation  which  they  un- 
questionably excite  when  long  worn.  To  differentiate  these  effects  is 
quite  difficult. 

Complete  relief  of  muscular  rheumatism  of  several  years'  standing  by  a  do*tn  appti* 
cations  0/  general  faradisation. 

Case  IJCXX.— Mr.  F.,  «ged  30,  was  directed  lo  us  by  Dr.  Thompson.  The 
patient  wss  of  a  delicate  coustitation,  and  from  childhood  had  been  extremely  sus- 
ceptible to  all  external  influences.  A  few  years  previous  to  his  visit  to  us,  he  b^an  to 
be  severely  alfecled  by  mnscalar  rbetmiatic  pains  having  their  seat  more  ct^iedally  ia 
both  shoulders  and  the  chest. 

He  became  anaemic  an'i  suffered  much  from  cardiac  palpitations.  He  was  at  ooce 
rabmitted  to,  and  ueated  only  by  general  faradixation  in  its  most  thorough  form. 
The  efiect!>  were  immediate  and  decided.  He  suifercl  less  from  the  first  stance,  and 
m  three  weeks  after  the  adroinist ration  of  a  dozen  applications,  the  relief  the  patient 
experienced  was  complete. 

iimteular  rkeumaHsm  of  the  hips  and  lintbt  existing  a  month — Rapid  recovery  undtr 
faradisation  of  the  affected  parts. 
Cask  LXXXL— Mr.  S.,  an  old  gentleman  of  65,  was  referred  to  u  by  Dr,  J. 
CFarrington. 

The  patient  was  suffering  acutely  from  pain  and  lameness  across  the  lower  portion 

of  the  back  and  hips,  while  both  thighs  were  so  exquisitely  sensitive  as  to  render  him 

atterly  unable  to  walk.     These  symptoms  had  resulted  from  exposure  to  cold  a  month 

previously,  and  had  resisted  various  methods  of  treatment.    Faradliation  of  the  affected 

parts  one  evening  jiut  before  retiring  did  not  immediately  allay  the  pain  and  tender* 

I  ness  ;  but  the  following  morning  found  him  able  to  take  a  few  steps  with  comparative 

I  comfort,  and  by  evening  he  had  very  perceptibly  improved.     The  same  application, 

I  repeated  00  successive  evenings,  enabled  the  patient  in  the  course  of  a  week  to  wnik 

^^^       with  considerable  ease,  and  in  a  fortnight  all  lameness  had  dbappeared. 

W    *' 


*  For  sensitive  patients,  and  especially  for  ladies,  the  oblong  "  button-diik"  is  mn 
lily  to  be  preferred,  on  account  of  its  greater  lightness  and  flexibility. 
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G^ta  0/  thirty  ytar/  gtanding  in  a  gtntUwtam  sixty  yeart  »f  mge — PmaHrnt  rwBlf 
from  general  /araiihatiam  in  tkt  niisi£ng  ttage  •/ mm  attmeJL 

Case  LXXXII— Mr.  W .  a  retirtd  sotkBaa  of  60  jfn,  «bo  had  Ined  bT 

fOWirlr  nhke**e  fur  ancmtiCf  of  years  comBimd  ■«  Mutk  ao^  t86gu  Fortlrirtyvcaa 
hs  hsdMdfcfcd  frooi  sKMia  of  foat,  opedyij  Anfae  the  fdt  udviotlicr  wiiii 
Wha  Ike  int  oowoltcd  us  he  was  ia  Uk  whiiifii^  mge  of  a  Mvare  attack.  We 
l^ve  him  four  appiicmtioot  of  geoeral  fuaititatioa  thai  rdkved  hb  paau  aad  Beemetf 
to  hMtcahU  return  to  httiisoal  oonditioo  of  heallli  daring  tike  iatcnrals.  Sabseqaeotlj 
the  patiest  rcMrted  t9  electrical  treUment,  with  dedited  benefit.  Wbetikcr  tlietzeat* 
okcnt  had  the  effect  to  dtminbh  the  violenoe  or  freqaencjr  of  the  attack^  we  banc  aot 
been  mfonmed. 

Rhiu/natu  Gout  {Arthritic  nodosa). — This  affection  is  neither  gout 
nor  rhcuraatism,  but  appears  to  be  a  distinct  constitutional  affection. 
It  occurs  most  frequently  in  the  delicate  and  the  nervous,  and  may  be 
regarded  as  essentially  a  condition  of  debility.  It  is  very  apt  to  affect 
the  hands,  fingers,  and  toes,  and  sometimes  thoroughly  cripples  the 
patient. 

Treatment. — ^This  condition  is  most  successfully  combated  by  tonics, 
and  electrization,  more  for  its  tonic  effects  on  the  system  than  for  any 
special  catalytic  |>ower  over  the  enlarged  Joints.  General  faradization, 
central  galvanization,  and  galvanization  of  the  sympathetic  are  the 
methods  that  experience  has  shown  to  be  most  useful  in  this  very  intrac- 
table malady. 

Prognosis. — The  prognosis  in  rheumatic  gout  is  not  brilliant.     The 
|>ains  can  be  relieved,  the  sleep  can  be  improved,  and  the  system  caft] 
be  in  every  way  strengthened  by  the  electric  treatment,  and  even  the 
enlarged  joints  can  be  made  to  diminish  in  size^  or  at  least  to  be  les» 


CHAPTER  XXIV. 


SPASMODIC  DISEASES. 


Or  spasmodic  diseases  this  general  law  holds,  that  when  recect,  cyrtn 
though  violent,  they  yield  readily  to  electrical  treatment ;  but  when 
long  standing,  they  are  easily  palliated,  cured  with  difficulty,  and  are 
prone  to  relapse. 

IVri/er's  Cramp. — This  affection  is  not  peculiar  to  writers.  An  anaU 
ogous  condition  may  attack  seamstresseSp  milkmaids,  and  others  whose 
callings  compel  them  to  use  for  a  long  time  a  certain  set  of  the  muscles 
of  the  hand.  It  is  believed  that  the  affection  is  not  purely  peripheral, 
but  that  it  frequently,  if  not  always,  is  connected  with  disease  of  the 
upper  portion  of  the  spinal  cord. 

Whether  found  in  the  artist,  rendering  htm  unable  to  manipulate  hii 
brush — the  pianist,  preventing  him  from  fingering  his  instrument — or 
the  penman,  causing  his  writing  to  be  almost  if  not  quite  illegible — the 
same  general  characteristic  is  observed,  viz.,  the  recurrence  of  spasm 
or  pain  whenever  an  attempt  is  made  to  execute  a  special  movement. 

Pains  resembling  neuralgia  or  rheumatism  so  closely  as  to  be  con- 
founded with  those  diseases,  frequently  accompany  writer's  cramp. 

The  prognosis  in  the  early  stages  is  sometimes  favorable  for  a  perfect 
cure ;  advanced  stages  of  long-standing  cases  are  usually  rebellious ; 
but  even  these  may  be  much  relieved.  Rest  from  thi  occupaium  is 
almost  imperative. 

Tlie  treatment  should  be  both  central  and  peripheral.  Galvanization 
of  the  upper  portion  of  the  cord  and  of  the  median  and  radial  nerves, 
spinal  cord,  plexus,  and  nerve -currents,  and  faradization  of  the  affected 
muscles  and  of  their  antagonists,  may  be  tried,  and  when  anesthesia 
exists  the  wire  brush. 

Unfortunately,  however,  those  who  are  most  frequently  subject  to 
writer's  cramp  are  the  very  ones  who  are  unable  to  take  the  necessary 
rest 

Although  the  results  of  treatment  by  electrization  in  this  variety  of 
palsy  is  by  no  means  uniform,  yet  it  has  undoubtedly  been  followed  id 
many  instances  by  approximate  and  even  perfect  recovery. 
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W^iiif't  eram/^  exittimg  for  four  jtort — Improvament  unJtr  /armdiwatien  an^ 

Casb  LXXXI  1  f .—  For  four  years  the  patient,  a  gentleman  aged  35,  had  observed  a 
certain  lossof  power  in  the  thumb  and  index  finger  of  the  right  hand,  that  became  mcire 
decided  snd  annoyed  him  more  and  more  seriously,  so  that  about  a  year  previous  to 
his  visit  to  OS  he  was  enabled  only  with  difEcolty  to  write  the  few  pages  dally  that 
his  bosiiiess  required 

Tbe  patient  was  unable  to  fully  extend  the  thumb  and  indeX'iinger,  and  on  localiz* 
ing  the  faradic  current  through  the  flexor  longus  pollicis  and  the  adductor  pollids, 
there  was  a  marked  decrease  in  the  electro-muscular  contractility.  The  flexors  and 
extensors  of  the  other  fingers  responded  normally  to  the  influence  of  the  current.  The 
inner  surface  of  the  hand  was  decidedly  anaesthetic,  while  he  complained  of  a  constant 
soreness  of  the  wrist  that  at  times  became  quite  painfuL 

We  began  with  the  faradic  current,  localising  it  through  the  two  muscles  of  the 
thumb  spectalliy  aflected,  and  alio  making  the  application  more  general  through  arm, 
wrist,  and  hand. 

This  method  completely  dissipated  the  annoying  anaesirhesia  and  soreness  of  the 
wrist,  bat  resulted  b  no  other  benefit. 

A  mild  galvanic  current  from  six  Hansen's  cells  was  more  effectual.  Twelve  appli- 
cations resulted  in  a  considerable  increase  of  stroigth  in  the  affected  hand,  and  the 
flexor  muscles  of  the  thumb  and  index-finger  very  decidedly  relaxed,  so  that  he  was 
readily  enabled  to  accomplish  two  or  three  times  more  in  the  way  of  writing  thaa 
before. 

In  some  cases  of  writer's  cramp,  and  especially  in  the  early  stages, 
anasthesia  or  numbness  is  the  leading,  if  not  the  only,  symptom.  This 
may  appear  long  before  the  cjarap. 


fncipitnt  vtrittr't  cramp  in  an  editar — Profound  total  anirsthtsia — Rapid  relief  undtr 
localized  faradization  and  galvanization. 

Case  LXXXIV.  — Mr.  H.  C.  B  ,  a  gentleman  over  60  years  of  age,  a  prominent 
editor,  wis  referre-l  to  us,  Novemlier  20.  1 87 2,  by  Dr.  C.  L.  MttchelL 

The  only  symptom  of  which  the  patient  complained  was  a  numbness  of  the  last  two 
phalanges  of  the  right  index-finger.  The  electro-sensibility  was  so  much  diminished 
that  a  strong  faradic  current,  which  on  the  third  phalanx  and  all  the  other  fingers  of 
the  hand  was  intolerable,  was  but  little  felt  on  the  last  phalanx,  and  caused,  indeed, 
rather  an  agreeaUe  sensation.  The  sesthcsiometer  also  indicated  great  anaesthesia. 
The  muscles  all  responded  well  to  the  will  and  to  electricity.  The  symptoms  had 
existed  atx>ut  two  weeks,  and  had  come  on  gradually.  There  was  no  evidence  of 
cerebral  difficultr  or  of  spinal  sclerosis ;  in  all  other  features,  except  the  numbness, 
and  a  slight  feeling  of  weakness,  or  rather  of  nervousness  in  the  arm,  the  patient  is 
well 

At  that  stage  there  was  no  tingling  or  pricking  sensation,  no  neuralgia,  and  no 
ijosms. 

We  made  the  diagnosis  of  mdpienl  writer's  cramp,  partially  by  exdusiOB,  and 
partially  by  the  positive  symptoms  of  numbness  and  weakness  in  the  parts  cooocrnatf 
b  writing. 
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Faradixatioa  with  sponges  and  the  metallic  brush  gave  immediate  rdief ;  the  fim 
sitting  did  much  toward  restoring  the  sensation.  In  nine  days  five  applications; 
only  the  last  phalanx  of  the  index-finger  remained  anaesthetic  This  part  was  obsti* 
nate  throughout,  especially  on  the  very  tip  of  the  finger. 

The  patient  now  felt  that  he  was  well,  and  dosed  his  visits,  still  working  as  usual 
with  hts^  |>en  as  hard  as  ever  almost  all  (iay  long. 

December  7th  he  returned^  with  a  return  of  the  symptoms  of  nomboess,  compli- 
cated with  pricking  and  tingling  sensations,  neuralgia  of  the  arm,  and  great  debility. 
Long  writing  caused  great  uneasmess. 

Absolute  r<est  from  writing  was  now  demanded,  and  the  patient  obeyed,  still  using 
his  brain,  but  employing  a  secretary.  Again  he  began  to  improve  under  peripheral 
faradization  and  galvanization,  and  galvanization  of  the  upper  part  of  the  spine  and 
cervical  sympathetic. 

January  i,  1873,  he  was  very  much  better— indeed,  nearly  well     That  day  he 
slipped,  and  fell  down  the  steps  of  his  house,  and  struck  on  the  hand  and  shoulder  of  ^ 
the  aflected  arm.     The  shock  lamed  him  greatly,  and  caused  for  a  long  time  stif&ess 
and  much  pain  of  the  shoulder. 

The  electrical  treatment  was  renewed,  January  14th,  and  continued  every  other 
dlay  during  the  month,  with  satisfactory  results.  The  enforced  rest — for  the  patient 
was  coulined  to  the  bouse — co-operated  with  the  electrical  treatment. 

Torticollis  {Wry-neck).— 1\ii%  familiar  disease  consists  in  a  spasm  of 
the  muscles  of  the  neck,  by  which  the  head  is  drawn  to  one  side.  The 
spasms  may  be  tonic  or  clonic. 

Although  the  pathology  of  the  disease  is  obscure,  it  is  yet  quite  clear 
that  it  is  of  a  nervous  character.  More  than  by  any  other  cause,  it  is 
brought  on  by  excessive  mental  labor  or  anxiety.  The  symptoms 
usually  come  on  gradually  ;  the  muscles  of  the  neck  on  the  side  toward 
which  the  neck  is  turned  are  sometimes  flabby  and  atrophied,  and  the 
muscles  on  the  other  side  are  hard,  lumpy,  and  enlarged.  Frequently 
the  deeper  iimscles  of  the  neck  are  involved,  as  well  as  the  stemo- 
cleido-mastoid  and  trapezius.  The  spinal  accessory  nerve  would  ap- 
pear to  be  at  fault.  The  condition  is  really  a  kind  of  ^^  partial  chcrea^* 
analogous  to  writer's  tramp,  facial  spasms,  spasm  of  the  eyelid^  and, 
like  all  these,  is  usually  very  obstinate,  except  in  the  mild  form  and 
early  stages.  The  disease  is  frequently  brought  on  by  excitement  or 
worry^ 

i?/V2^«tfj«>. —The  disease  should  not  be  confounded  with  common 
stij^-neck  that  is  caused  by  rhetimatistn  of  the  muscles  of  the  neck  and 
is  analogous  to  lumbago.  In  stiff-neck,  which  usually  yields  to  faradi- 
zation  like  other  forms  of  myalgia,  the  head  is  kept  from  moving  by 
the  pain  which  movement  causes.  Diseases  of  spine  and  diseases  of 
the  brain  sometimes  produce  tonic  spasms  of  the  muscles  of  the  nedi 
that  resemble  torticollis. 
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£Uctrtc  Examinatwn.— On  the  affected  side  *  the  muscles  sometiraei 
exhibit  increased  electro-muscular  contractility  and  sensibility.  On 
the  other  side  the  electro-niuscular  contractility  is  sometimes  diuiin 
ished 

Treatment. — Galvanization  of  the  muscles  of  the  affected  side  witli 
mild  currents,  and  faradization  of  the  niosdes  of  the  other  side,  galvani- 
zation of  the  sympathetic  and  cervical  spine,  are  the  methods  that 
should  be  tried  in  this  disease.  They  may  be  tried  simultaneously  or 
in  succession. 

Protracted  applications  are  not  ordinarily  indicated  in  this  affection. 
General  treatment  is  only  required  when  the  patient  is  debilitated. 

In  connection  with  the  use  of  electricity,  the  hypodermic  injection 
of  morphine  and  counter-irritation  of  the  cervical  spine  by  blisters,  and 
mechanical  contrivances  for  keeping  the  head  in  position,  may  be 
tried 

Prognosis. — In  the  early  stages  torticollis  may  be  relieved  or  cured 
Tjy  electrical  treatment  alone.  After  it  has  been  established  for  a  num. 
ber  of  months,  it  becomes  one  of  the  most  intractable  of  diseases. 
Even  when  relieved  by  treatment,  it  is  much  disposed  to  relapse.  No 
case  should  be  abandoned  until  both  galvanic  and  faradic  treatment 
has  been  thoroughly  tried,  since  it  is  the  only  method  of  treatment  that 
offers  even  any  hope  ;  and  the  physician  should  not  be  discouraged  if 
the  symptoms  appear  to  be  aggravated  by  the  first  few  applications,  but 
should  reduce  the  strength  of  the  current  and  the  length  of  the  stances. 
The  same  remark  will  apply  to  analogous  diseases,  such  as  writer's 
•cramp  and  facial  spasm. 


T^&rtkotiuoflong  standing,  brought  on  by  over-conjinemmt  and  anxiHy — Some  rt- 
tie/ from  faradi%ation  and  galvanitation. 

Case  LXXXV.— Mr.  K ,  aged  40,  was  sent  to  us  June,  1870,  by  Dr.  Wilkrd 

Parker.  For  several  years  before  the  attack  appeared  he  had  been  in  his  usual 
health,  but  had  been  severely  confined  and  much  distressed  by  the  cares  of  business. 
The  symptoms  appeared  gradually;  they  were  at  first  slight,  and  only  developed 
their  full  force  after  several  weeks.  When  we  first  saw  him  he  had  been  suffering 
for  several  months.  His  face  was  almost  constantly  tamed  toward  the  left  tide. 
On  the  opposite  side  the  stemo-clcido  muscle  was  considerably  hypertrophied,  and 
on  ♦he  other  flabby.  The  position  of  hiji  face  and  the  violence  of  the  cramp  were 
much  dependent  on  mental  influences,  being  aggravated  by  exhaustion  or  worry. 

EUctrie  examination  showed  increase  of  eiectro«mittcnlar  contractility  in  the  af* 

"  It  should  be  considered  that  the  stemo-deido-mastoidy  as  it  pulls  the  back  of  tht 
kiod  iffword  the  shoulder,  turns  tht  fact  in  an  offositt  direction.  TJu  /ace  tifrt- 
ftre  it  turned  away  from  the  affected  muscU, 
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fected  side,  and  diminution  on  tlie  op|josile  side  (towards  which  the  face  wns  tttrned). 
Careful  examination  revealed  no  evidence  of  disease  of  the  vertebrre. 

The  patient  wrs  treateJ  by  stable  ^tth-arnutlWH  of  the  hyperlrophied  and  kard^neA 
mitiite,  by  spinal-cord  brachial  plexus  current^  by  galvannatwn  of  the  sympathetic 
and  spine^  by  fartuiitation  of  the  flabby  muscles  of  the  opposite  side,  and  by  general 
faraditation ,  In  three  weeks  there  was  positive  but  not  marked  impruveraenl  j 
tiierc  was  decrea^  of  tlic  hypertrophy  of  the  muscle  and  ftomc  dumnuuoa  ol  the 

Torticollis  of  a  month* s  deration — f!aptd  recovery  under  local  faraditat%«n. 

Case  LXXXVI.— Miss  B ,  aged  20,  was  directed  to  us  by  Dr.  W.  W.  Jouei„ 

of  New  York.  A  month  previous,  she  caught  cold  in  the  neck  from  a  draught  of  air 
while  at  a  concert.  For  a  week  suhsetjuently,  she  would,  every  few  moments,  in' 
vctuntarily  turn  her  head  to  ihe  riglil,  until  finally  it  became  fixed  in  this  position. 
From  the  fact  ihat  she  was  not  prevented  friim  turnmy  her  head,  simply  from  pain, 
and  that  when  it  was  broujj;lu  to  the  proper  po>ition  by  faradiziny  the  muscles,  do 
pain  was  cau<«d,  we  concluded  that  we  had  n.>t  to  vleal  with  a  common  stiff  neck  re- 
sulling  from  rheumatism,  bui  with  tonic  spasm  of  a  nervous  character.  The  muscle* 
of  the  neck  on  the  side  towards  which  the  head  was  turned,  had  appreciably  airoplued^ 
while  t^n  flie  opposite  side  they  were  hard  and  enlargeti.  These  latter  muscles  ex- 
hibited, as  usual^  increased  electro-muscular  contractility^  while  on  the  right  sidc» 
towards  which  the  head  was  turned,  contractility  was  diminished.  The  abtive  phe- 
nomena represent  fairly,  we  think,  what  are  usually  obsers-ed  in  the  earlier  stages  of 
the  disease,  and  the  following  treatment  is  typical  of  what  we  have  successfully  em- 
ployetl  in  a  number  of  similar  cases.  At  each  sitting,  the  muscles  of  the  left  side 
(those  that  were  large  and  prominent)  were  submitted  to  mild  galvanization  for  a 
moment  or  so,  while  the  contracted  sterno-cleido-mastoid  muscle  of  the  right  side, 
towards  which  the  head  was  inclined,  was  faradire<i  with  stifhcient  force  to  cau^  a 
relaxation  of  muscular  fibre,  allowing  the  head  to  turn  gradually  lo  its  natural  por- 
tion. Upon  removing  the  electrodes  after  the  current  had  passed  several  minutes, 
the  head  would  retain  its  position  without  the  conscious  aid  of  the  patient's  will. 
After  an  interval  of  some  five  minutes,  it  *vould  again  turn  to  the  right.  The  patient 
rapidly  improved,  and  after  two  months  of  treatment  had  ([uitc  recovered. 


Paralysis  Agitans  {Shaking  Palsy), — There  are  two  kinds  of  shak- 
ing palsy  :— 

I  St.  Those  with  organic  lesions. 

Sclerosis  of  some  form  is  tlie  pathological  state  that  usually  gives  rise 
lo  the  symptoms  of  shaking  palsy. 

2d.   Those  where  no  lesion  can  he  discovered. 

These  are  usually  styled  functional,  although,  like  hysteria,  they  may 
be  sui)posed  to  depend  on  some  molecular  derangements  which  ar^ 
not  revealed  to  the  microscope. 

The  disease  may  be  local  or  general ;  it  may  attack  one  limb,  or  the 
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lower  jaw,  or  all  four  extremities.  It  is  most  frequent  in  the  aged,  bul 
is  sometimes  observed  in  middle  life»  or  in  the  yoting. 

Treatment, — Centra]  galvanization  and  general  faradization,  foi 
general  effects,  may  be  used  in  shaking  palsy  with  benefit.  The  best 
results  have  been  obtained  by  galvanization  of  the  spine  and  sympa 
thetic  and  br&in« 

Prognosis,— CsLSCs  where  all  the  limbs  are  affected  are  never  cured 
by  any  method  of  treatment,  especially  in  the  aged.  Cases  in  which 
only  one  limb>  or  one  upper  and  one  lower  limb,  are  affected  are  some- 
times benefited,  and  in  rare  instances  cured.  Temporary  relief  can 
sometimes  be  obtained  where  no  permanent  benefit  results.  The 
tremor  of  the  limb  is  sometimes  abated  or  completely  arrested  for  one 
or  more  hours  after  the  application  etfAer  of  general  faradiiotion  of 
galvanization  of  the  spine,  and  in  rare  cases  entire  recovery  occurs. 
Dr.  Russell  Reynolds  has  reported  a  cure  by  the  galvanic  current.  Re- 
cently Jules  Charon,  of  Paris,  has  ptiblished  the  results  of  galvanization 
in  7  cases.  Of  these  2  were  cured  ;  2  were  much  improved  ;  and  3 
were  much  improved  in  their  general  condition,  but  not  in  the  tremor. 

A  east  tf  palsy  agitans  atsociateJ  wit  A  spasmodic  muscular  contraction  and  neural- 
gic paitu — Approximate  relief  from  central  gaivaniiotion  and  general  far  adiaa- 
tion. 

CAd£  LXXXVII.— Mis.  M.,  age<l  50,  applied  to  as  for  the  relief  of  a  disorder  of 
which  the  following  were  the  main  symptoms.  These  symptoms  had  been  almoA 
constant  lor  more  than  fifteen  montlis : — 

The  patient  was  so  exceedingly  feeble,  thai  a  walk  of  a  few  Mocks  caused  complete 
exhaustion. 

Neuralgic  pains  in  the  face,  ri^t  arm,  and  side,  were  constant  altiiongh  varying 
in  intensity.  Sometimes  the  distress  was  for  hours  most  excruciating,  and  then  an 
tnlerval  of  rest  would  occur  in  which  the  pain  was  barely  appreciable.  Pain  along 
the  spine,  but  no  tendenie&s  to  pressure.  The  most  annoying  ^mptoms  were  frequent 
spasmodic  contractions  of  the  muscles  of  the  neck,  while  a  constant  and  mcessant 
trembling  of  the  hands  during  the  wakmg  hours  made  with  the  rest  a  complication  of 
^mptoms  that  pointed  to  structural  change  of  the  upper  portion  of  the  cord.  Cen- 
tral galvaniration  was  in  this  case  alternated  with  general  faradization.  So  fiar  as 
the  spasmodic  contractions  of  the  muscles  were  concerned,  the  effect  was  immediate^ 
being  followed  by  complete  and  permanent  relieL 

The  neuralgia  was  gradually  dispelled,  and  the  trembling  or  shaking  in  the  coarse 
of  two  months'  treatment  so  benefited  as  to  be  hardly  noticeable.  During  the  sum- 
mer that  followed,  the  patient  was  almost  entirely  free  from  every  unpleasant  symp* 
tom. 

Unilateral  paralysis  agitans  in  a  man  aged  sixty  years — Very  decided  mlleviaiiom  of 
symptoms  under  central  galfanitation. 
Case  LXXXVlIL^Mr.  James  A.,  aged  siAty  years.     SolTering  from  uniktcral 
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palsy  agitansof  ibe  left  side.   W»s  placed  under  our  care  by  Dr.  Andrews,  ol  Ulicft, 
August  I,  1870. 

The  first  fymptoms  of  this  disease  became  manifest  in  October,  1869,  and  gradu 
ally  increased  in  «everity  until  January,  1870,  since  which  time  there  had  been  no 
appreciable  aggravation  of  his  cnnditton.  The  patient  was  a  mechanic,  occupied  al 
ntobt  constantly  in  61ing  saws,  and  it  was  hb  firm  impression  that  the  peculiar  influ 
ence  transmitted  to  the  cord  by  the  steady  scrape  of  the  file  was  an  important  factof 
in  the  productioo  of  the  disease.  However  this  may  be,  it  was  certain  that  he  ww 
now  unable  to  use  bis  GJe  a  moment  withouf  causing  most  disagreeable  feelings. 

We  essayed  a  few  applications  of  general  faradization,  but  as  it  did  not  seera  to  al 
lay  any  of  the  di&agrecable  features  of  the  disease,  we  resorted  to  central  gatraniza 
tion-  After  a  few  applications  to  the  brain,  sympathetic,  and  spinal  cord,  the  speech, 
whicb  was  decidedly  alTected,  so  that  he  stuttered  and  hesitated  In  every  effort  to 
Ulk,  became  perfectly  normal,  and  he  was  no  longer  annoyed  by  it.  For  man) 
months  he  had  been  unable  to  sleep,  unless  lying  on  the  back  with  the  arms  pressed 
10  the  side.  In  four  weeks  he  was  able  to  sleep  with  perfect  comfort  in  any  posi- 
tton. 

The  patient  remained  under  observation  some  three  months,  and  received  in  all 
about  twenty-five  applications-  He  improved  in  his  general  condition  very  decidedly  j 
the  arm  and  teg  became  much  stronger,  and  the  shaking  movements  decreased  in 
oeverity  at  least  fifty  per  cent.     Further  than  this  we  were  powjless  to  assist  him. 

Asthma. — Asthma  is  one  of  the  conditions  for  which  it  would  be  sup- 
posed, a  priori^  that  electrization  might  be  of  service ;  and  yet  the  published 
records  of  successful  treatment  are  not  very  extensive.  One  of  the 
earliest,  if  not  the  very  earliest,  experimenters  in  this  department  was 
Dr.  Wilson  Philip,  who  began  his  researches  in  electricity  in  the  early 
part  of  this  century.  '•  By  transmitting  its  influence  (galvanism)  from 
the  nape  of  the  neck  to  the  pit  of  the  stomach,  he  gave  decided  relief 
in  every  one  of  twenty-two  cases,  of  which  four  were  in  private  practice, 
and  eighteen  in  the  Worcester  Infirmary.  The  power  employed  varied 
trom  ten  to  twenty-five  pairs."  The  treatment  which  is  theoretically 
indicated  is  galvanization  of  the  pneutnogastric  and  sympathetic 
Benedikt  mentions  a  case  successfully  treated  by  this  method. 

The  methods  we  employ  in  asthma  are  galvanization  of  the  pneu- 
naogastric  and  cerebral  galvanization,  and  usually  with  temporary, 
though  not,  as  a  rule,  with  permanent  benefit. 

The  faradic  current  is  sometimes  effective  in  affording  temporary 
relief  after  failure  of  the  constant  current.  In  several  cases  that  have 
fallen  under  our  observation  persistent  faradization  of  the  chest  and 
neck  has  been  followed  by  marked  relief. 

Atthma  of  three  months  standing — Apparent  recovery  under  localhed gatvanhaium. 

Case  LXXXIX.— Ann  M.  C,  treated  at  DemiU  Dispensary,  had  her  first  attack 
of  asthma  three  months  before  seeking  electrical  treatment.  Every  few  days  thereafter 
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«  paroxjnm  of  considerabte  sererity  would  prostrate  b«r.  Befcie  the  onset  of  the 
atttck  she  invariably  experienced  a  cold  sensation  between  the  shoulders.  The  ck- 
pectoration,  which  so  soon  as  she  can  throw  off  affords  relief,  had  the  appearance  of 
boiled  starch.  The  smell  of  cooking  always  hastened  an  attack.  The  patient  wa« 
treated  from  May  tS,  1S71,  until  June  ijth^  by  the  method  of  localized  galviuiiuUion, 
when  she  was  discharged  apparently  cured. 

AstAma  ef  many  yatr/  ttanding^ Decided  temporary  rtlitf  from  tacai  faradtMdh 
tion — No  permanent  benefit. 

Cask  XC.  — June  20,  1871,  we  treated  an  old  gentleman,  a  patient  of  Dr.  John 
T.  Metcalfe,  for  a  chronic  asthmatic  difficulty  of  many  year^  standing.  He  was  sulv 
-mitted  mostly  to  galvanization  of  the  great  syrapathchc,  pneumogastric,  and  phrenic 
oerv«s,  but  the  only  decided  relief  obtained  was  from  ample  faradization,  the  positive 
pole  being  placed  at  the  back  of  the  neck,  and  the  negative  just  above  the  sternum. 
This  method  caused  a  most  pleasant  relief  from  discomfort  on  awakening  at  nighL 
No  permanent  benefit,  however,  was  afforded  by  the  treatment. 

Muscular  Contractions. — These  raay  arise  in  hysteria,  in  myelitis, 
meningitis,  and  spondylitis,  diseases  of  the  cerebrum  and  cerebellum. 
or  they  may  be  of  a  reflex  character.  They  exist  sometimes  in  neuritii 
or  rheumatism. 

The  treatment  consists  in  peripheral  galvanization  or  faradization  of 
the  affected  muscles  or  of  their  antagonists,  with  stable  currents  and 
galvanization  of  the  head,  spine,  and  sympathetic,  according  to  the 
special  indications. 

The  prognosis  is  usually  unfavorable  for  all  except  the  rheumatic 
cases. 

Facial  Spasm. — This  affection,  which  is  not  unfrequent,  is  usually  very 
obstinate  against  all  treatment.  The  treatment  is  galvanization  with 
the  spinal-cord-muscle  or  nerve-muscle  current.  Recent  cases  may  be 
■cured  by  the  application  of  the  galvanic  current  to  the  branches  of  the 
fifth  pair.  Long-standing  cases  may  be  temporarily  relieved,  but  are 
rarety  permanently  cured.  Remak  reported  success  even  after  the  con- 
rlition  was  very  chronic. 

Dysphagia  from  Spasms  of  the  Pharynx.  — This  symptom,  though 
■ometimes  the  result  of  organic  central  disease,  is  not  unfrequently  of 
a  purely  spasmodic  character,  and  as  such  is  amenable  to  electric  treat- 
ment, either  by  external  or  internal  applications.  The  method  we 
adopt  for  such  cases  is  to  place  one  pole  on  the  back  of  the  neck  and 
the  other  just  above  the  sternum,  or  by  the  inner  border  of  the  stemo- 
cleido-mastoid  muscle.  If  this  method  fails,  interna!  applications  may 
be  made,  by  means  of  a  catheter  shaped  electrode,  against  the  constric- 
tors of  the  pharynx.  Some  cases  yield  with  surprising  readiness  to  ex- 
J  2 
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ternat  treatment.  Cases  dependent  on  central  disease  are  usually  quitt 
rebeilioiis. 

A  case  of  this  kind,  in  which  the  food  was  returned  through  tfa« 
mouth  or  nose,  was  cured  by  Hiffelsheira  by  galvanization. 

Heffelsheiin  has  recorded  a  case  of  excessive  and  obstinate  vomiting 
that  was  cured  by  five  applications  of  the  galvanic  current  to  the 
pneuraogastric 


Dytpkagia  from  tpatmwlU  aethm- 


■Reiovery  from  laealUed  faraditathn^  twk*  r»- 
ptated. 


CASt  XCI  — An  old  lady,  aged  nearly  70,  was  sent  to  us  by  Dr.  Fordycc  Bar- 
Iter.  She  had  for  some  months  l>cen  annuycd  by  much  diflitully  in  tfie  act  of  swal- 
lowing, and  WAS  apprehensive  of  sufTocalion  on  account  of  the  tendency  of  food  to 
lodge  m  the  oesopha^s.  Localized  faradization,  repeated  twice,  completely  relieved 
tiie  spasmodic  tendency,  and  enabled  the  patient  to  cat  without  fear  of  consequence^ 
So  far  as  we  are  aware  the  relief  was  permanent. 

Singultus  {Hiccough). — This  symptom,  when  it  becomes  permanently 
annoying,  may  be  treated  by  galvanization  of  the  sympathetic  and pncu 
tnogastric.  We  have  treated  in  this  way  two  very  obstinate  cases  with 
out  benefit. 

Tetanus.— \yx.  Mendel  has  reported  two  cases  of  tetanus  successfully 
a-eated  by  the  galvanic  current.  He  used  various  methods  of  applica 
tion,  central  and  peripheral.  Immediate  relief  followed  each  applica 
tion. 

The  conclusions  at  which  he  arrives  from  his  cases  are  that  a  mild- 
current  should  be  apphed  to  the  affected  muscles,  without  regard  to  the 
direction  of  the  current,  although  the  positive  pole  should  be  applied 
to  the  antagonists. 

Hydrophobia.— ^\\Q  disease  is  so  rare  in  its  occurrence,  and  so  rai)id  in 
Its  course^  that  electrical  treatment  even  by  its  most  imperfect  methods, 
has  had  ahnost  no  chance  to  be  tested.  The  suggestions  that  we  have 
to  offer  are  therefore  of  necessity  based  on  theory  and  analogy,  and 
experience  in  the  treatment  of  other  and  more  or  less  allied  diseases. 

The  best  iiiethod  of  using  electricity  in  a  case  of  real  or  simulated 
hydrophobia  would  be  to  place  the  negative  pole  of  the  galvanic  current 
at  the  pit  of  the  stomach,  and  apply  the  positive  successively  at  the 
top  of  the  head  J  the  nape  of  the  ner.k  {central  galvanization),  over  the 
region  of  the  pneumogastrtc,  and  down  the  spine.  If  the  galvanic  cur 
rent  cannot  be  obtained,  the  faradic  (electro^raagnetic)  might  be  tried, 
although  il  would  probably  be  less  efficacious.  Mild  or  moderate  cur- 
rents would  be  likely  to  do  more  good  tlian  very  powerful  currents,  and" 
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there  should  be  intermissions  in  the  treatment  During  these  inter- 
missions ice-bags  might  be  applied  to  th*.  spine.  We  should  not  expect 
that  this  treatment  would  cure  real  hydrophobia,  but,  if  faithfully  used, 
it  would  greatly  relieve  the  horrible  agonies  of  the  disease,  and,  cither 
alone  or  in  connection  with  other  treatment,  would  be  likely  to  prolong 
life.  Electricity  has  never  yet  had  a  fair  trial  in  hydrophobia.  Schi- 
vardi,  who  kept  one  of  his  patients  alive  several  days,  used  only  a  par- 
tial and  imperfect  method,  and  no  other  treatment,  so  far  as  is  known, 
has  been  so  successful. 

Hydrophobia  is  one  of  the  very  few  diseases  in  which  it  is  better  to 
use  electricity  blindly  and  imperfectly  than  not  to  use  it  at  all.  There 
are  two  considerations,  however,  that  are  somewhat  discouraging : 

1.  The  spasmodic  affections  that  most  closely  resemble  hydrophobia 
and  with  which  it  is  sometimes  confounded — epilepsy,  tetanus,  etc. — 
do  not  yield  readily  and  permanently  to  electrical  treatment.  Great 
benefit  can  be  derived  from  a  proper  use  of  electricity  in  epilepsy,  but 
very  rarely  a  permanent  cure. 

2.  To  get  the  best  results  of  electrical  treatment  time  is  necessary. 
Save  in  the  resuscitation  of  the  drowned  or  asphyxiated,  and  the  tem- 
porary relief  of  pain,  electricity  accomplishes  its  great  cares  slowly. 
Hydrophobia  runs  its  course  rapidly,  and,  in  its  incipience,  is  not 
usually  recognized.  The  only  hope  that  real  hydrophobia  could  be 
cured  by  electricity  rests  in  the  possibihty  that  it  could  relieve  the 
symptoms  and  delay  death  through  its  powerful  sedative  influence,  so 
that  there  would  be  more  tune  to  act  upon  the  nutrition  of  the  nerve- 
centres  either  by  a  continuance  of  the  electrical  treatment  or  by  other 
methods.  There  is  reason  for  the  belief  that  some  at  least  of  the  cases 
of  so-called  hydrophobia  are  of  an  hysterical  character-^are  brought  on 
by  fright  and  dread.  The  only  safe  course  is  to  treat  such  cases  as 
though  they  were  genuine  cases  of  hydrophobia.  The  most  brilliant 
results  of  electrical  treatment  are  obtained  in  hysteria  and  allied  di- 
seases, and  notably  in  hysterical  convulsions,  and  it  is  quite  probable 
that  the  hysterical  symptoms  of  hydrophobia  would  yield  to  the  same 
remedy.  The  result  of  the  treatment  would  help  somewhat  the  diagno- 
sis. If  the  patient  entirely  recovered,  the  probability  that  the  case  was 
of  an  hysterial  nature  would  be  strengthened  almost  into  certainty. 
Inasmuch  as  one  or  two  of  the  recent  cases  were  probably  in  part  hys- 
tcricAl.  and  as  the  discussion  of  the  subject  has  caused  our  sensitive  and 
highly  nervous  people  to  dwell  on  this  dreadful  topic  day  and  night,  it 
is  not  impossible  that  other  cases  of  a  like  nature  4iiay  occur. 

Stammering. — Dr.  Althaus  succeeded  in  curing  a  case  of  stammering 


500 


SPASMODIC   DISEASES. 


of  five  years*  standing,  in  a  lad  nine  years  of  age,  by  I  he  application  of 

the  galvanic  current  to  the  laryngeal  nerves.  The  applications  were 
made  twice  a  week  for  two  months. 

Epilepsy. — Epilepsy  is  one  of  the  diseases  for  which  electricity  in 
some  form  or  other  has  been  used  for  many  years,  though  with  rather 
uncertain  and  capricious  results-  The  method  of  treatment  that 
promises  most  in  this  disease  is  central  galvanization.  Another 
method  is  to  place  one  of  the  poles  over  the  point  whence  the  aura 
proceeds,  and  the  other  over  the  nerve-centre. 

Temporary  relief  can  be  obtained  in  very  many  cases  of  epilepsy  by 
electrical  treatment.  The  intervals  between  the  attacks  can  be  greatly 
lengtiiened,  and  in  a  certain  proportion  of  the  cases  the  results  are  be> 
Ueved  to  be  permanent. 


Petit  mal.^Siarked  temporary  relief  from  generaJ  faraditation  and  gahfaHixatiam 
of  sympcUhetie — Relapse. 

C.-VSB  XCII. — In  one  case  of  "  petit  in.al."  occurring  in  a  boy  some  13  years  of 
•gc,  the  bromide,  given  in  doses  of  10  grs.  three  times  a  day,  acted  charmin^y.  The 
paroxysms,  which  for  nearly  two  years  had  occurred  from  six  to  ten  times  a  day,  wer» 
iramediately  reduced  to  one,  two,  and  three  ia  the  twenty-four  hour*. 

This  improvement  was  manifest  for  nearly  a  month,  when,  notwithstanding  the 
increased  doses  of  bromide,  the  paroxysms  gradually  increased  in  frequency,  until  the 
patient  was  rendered  unconscious  by  them  as  often  as  before.  We  now  resorted  to 
general  electdiatton  with  the  faradic  current,  and  occasionally  to  galvanization  of 
the  sympathetic.  Singularly  enough,  the  results  that  foUowed  were  substantially  the 
same  as  those  obtained  from  the  administration  of  the  bromide  of  potassium.  For  A 
few  weeks  the  frequency  of  the  epileptic  seizures  was  reduced  to  one  and  two  a  day, 
when,  notwithstanding  every  effort,  there  was  a  second  relapst  to  his  old  condition. 

The  boy  evidently  inherited  a  very  decided  nervous  diathesis*  but  the  MLCitin^ 
cause  of  the  attacks  was  ascribed  to  a  severe  fall  some  weeks  before  the  manifestation 
of  the  first  paroxysm. 

Epilepsy  of  eleven  years''  standing — Periodical  attacks — Imprervement  in  sleep  and 
mental  condition,  and  diminution  of  attacks  under  general  faraditation — Nothing 
further  gained  by  galvaniiation. 

Case  XCIII.— W.  H.  V.,  a  lad  aged  t6,  b^an  first  to  suffer  from  epileptii 
leizures  when  but  five  years  old. 

For  the  tirst  Five  years  the  attacks,  consisting  of  a  number  of  fits  in  rapid  succe^ 
iioo,  occurred  every  five  or  six  week&     From  his  eighth  to  his  fifteenth  year  the  ' 
paroxysms  increased  in  frequency  and  severity,  until,  at  the  date  of  his  visit  to  as, 
the  attacks  recurred  every  week. 

It  was  a  noticeable  fact  that  for  the  last  year  the  patient  had  almost  invariably 
luJTered  from  these  epileptic  seizures  on  Saturday. 

The  boy  had  grown  fensilly  weaker  both  in  mind  and  boiy,  and  was  excessivelf 
irritable  and  capricious. 


KPILFPSY— CASES. 


SOI 


Treatment  was  commenced  by  general  faradUalion,  with  special  reference  to  th« 
hea«l  and  ^pine. 

L' iiJtfr  this  treatment  sleep  became  more  sound  and  refreshing,  and  the  mind  calmer, 
while  the  usual  paroxysm  was  delayed  until  the  Thursday  following  the  regular  lime 
for  Its  recurrence.  The  general  condition  of  the  patient  cont'mued  to  improve,  and 
a  second  attack  was  delayed  four  weeks.  He  remained  under  observation  some 
months  longer,  having  a  paroxysm  (far  less  severe,  however,  than  formerly)  about 
every  four  weeks.  The  galvanic  current,  variously  used,  seemed  to  accompHih  noth- 
ing that  had  not  already  been  obtained  by  the  firadic.  The  case  soon  after  passed 
from  our  care,  and  whether  relapses  have  occurred  we  have  not  been  able  to  ascer- 


Epiiepsy  of  five  years^  standing— Apparent  recovery. 

Case  XCIV.— .Miss  W.,  aged  30,  came  to  us  Novemlier  4,  1876,  with  the  follow- 
ing  history:  In  the  early  part  of  1872  she  had  her  first  atiack  in  the  night,  while 
asleep,  but  for  a  year  previous  lud  occasions  of  being  in  a  dozed  condilioQ  with  great 
confusion  of  memory. 

It  is  as  well  to  state  that  there  had  been  all  along  in  her  case  a  strong  hysterical 
element  that  is  frequently  aggravated  by  surrounding  influences. 

The  attacks  for  awhile  occurred  onoe  in  about  seven  weeks,  and  further  on,  in- 
stead of  a  .single  paroxysm,  s!ic  would  have  two  and  souietinic>  three  in  the  succeed- 
ing twenty-four  hours.  Later  still,  the  attacks  became  as  frequent  as  once  a  months 
with  one  or  two  longer  intervals.  We  learned  that  Dr.  Geo.  J.  Fisher,  of  Sing 
Sing,  had  formerly  been  her  physician,  and,  in  answer  10  a  letter  of  inquiry,  he  in- 
formed us  that  the  patient  had  been  under  his  care  for  a  long  time. 

He  had  given  her  the  bromides  of  potassium  and  soda  (of  each  10  grs.)  three  times 
a  day.  This  she  had  taken  for  several  years,  and  was  still  taking  when  she  came 
under  our  care.  During  the  month  previous  she  had  three  attacks,  and  was  feeling 
certain  premonitions,  which  she  described,  when  we  submitted  her  to  the  additional 
treatment  of  the  electricity.  Wc  did  not  feel  justified  in  discontinuing  medicine,  but 
in  order  to  give  her  every  chance,  substituted  for  it  the  formula  of  Brown  Sfquard. 

The  patient  was  exceedingly  nervous  and  despondent,  and  it  was  evident  that  if  in 
no  other  way  electricity  might  prove  of  service  as  an  adjunct  to  alluy  irritability  and 
as  a  general  tonic. 

We  treated  her  every  other  day  for  three  months,  alternating  central  galvanisation 
with  general  faradization.  We  then  gave  her  an  interval  of  rest  for  three  months, 
daring  which  time  she  had  an  attack,  occurring  a  little  more  than  six  months  from 
the  last.  After  a  second  three  months'  treatment,  w*e  allowed  another  interval  of 
rest,  and  again  treated  her  for  three  months.  .She  has  not  ha*l  a  second  attack,  and 
as  two  years  have  passed,  during  which  she  has  had  but  one  seizure,  we  are  hopeful 
of  ultimate  results.  It  is  worthy  of  note  that  since  the  two  methods  of  treatment 
have  been  cominned  the  t>romkc  acne  has  very  cooadcrably  lessened  and  at  times  u 
hardly  perceptible. 


CHAPTER   XXV. 


DISEASES    OF   THE   Stillt, 


There  are  sevend  theoretical  considerations  that  would  lead  ii»  tc 
suppose  that  electricity  might  be  of  service  in  the  treatment  of  diseasef 
of  the  skin  : — 

I.  Pain  and  itching,  oftentimes  of  a  very  distressing  character,  accom- 
^ny  many  of  the  diseases  of  the  skin,  and  of  all  the  known  methods  of 
relieving  and  curing  pain,  electricity  is  one  of  the  most  satisfactory.  If 
the  application  of  the  galvanic  or  faradic  current  may  bring  relief  in  head- 
ache, in  spinal  irritation,  in  the  various  forms  of  neuralgia,  in  rheu> 
matism  and  in  sprains,  why  should  it  not  afford  similar  relief  in  the  tor- 
menting agonies  of  psoriasis,  eczema,  and  prurigo  ? 

2»  Ulcers,  sinuses,  and  bed-sores  have  long  been  treated  by  the  gal- 
vanic and  faradic  currents,  with  gratifying  success  j  and  it  would  be  nat- 
ural to  suppose  that  the  ulcerous  conditions  of  some  of  the  diseases  of 
the  skin  juight  sinu'laily  be  benefited. 

3,  Tumors  and  morbid  growths  of  various  kinds  arc  discussed  by  the 
electric  currents,  and  especially  by  the  galvanic  current,  and  it  would  be 
reasonable  to  infer  that  cutaneous  indurations  and  hypertrophies  might 
be  discussed  or  diminished  in  a  similar  manner. 

4.  Those  who  hold  the  theory  that  some  of  the  diseases  of  the  skin 
are  of  a  nervous  origin,  or  are  in  some  way  intimately  dependent  on  the 
brain,  spinal  cord,  or  sympathetic,  would  find  still  another  tl\eoretical 
argument  in  favor  of  introducing  electricity  into  dermatology,  since 
nervous  diseases  have  long  been  regarded  as  par  excellence  the  diseasei 
most  amenable  to  electrical  treatment 

The  electro-therapeutics  of  diseases  of  the  skin  belongs  both  to  medi 
caJ  and  surgical  electricity.  The  tendency  in  recent  times  has  beer« 
Co  transfer  dermatology  from  surgery  to  medicine,  and  at  present  many] 
of  our  most  eminent  dermatologists  are  physicians  more  than  surgeons. 
This  tendency  is  further  strengthened  by  the  modern  views  of  the  pathol- 
ogy of  cutaneous  disorders,  particularly  in  regard  to  their  relation  to  the 
aervous  system.     The  purely  local  treatment  of  diseases  of  the  skin  by 
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electricity  might  be  regarded  as  belonging  to  electro-surgery,  wHl  t  theii 
general  and  central  treairaent  certainly  belongs  to  electro-medicine. 

Current  Employed. — While  both  currents— the  faradic  and  galvanic 
— have  proved  useful  in  the  treatment  of  diseases  of  the  skin,  the 
galvanic  appears  to  act  more  efficiently  and  to  fulfil  a  larger  variety 
ot  indications  than  the  faradic.  The  reason  of  this  will  be  suffi 
ciently  clear  to  those  who  understand  the  general  differential  indica- 
tions for  the  use  of  the  two  currents.  The  peculiar  electrolytic 
action  of  the  galvanic  current,  which  the  faradic  current  possesses  to 
but  a  feeble  degree,  is  indicated  in  diseases  of  the  skin  for  the  same 
reason  that  it  is  indicated  in  the  discussion  of  tumors.  For  the  relief 
of  the  symptoms  of  itching  and  pain,  the  faradic  current  is  frequently 
sufficient,  especially  in  prurigo :  its  effects  are  also  curative,  but  to  a 
less  degree  than  the  galvanic  current.  The  galvanic  current  also  acts 
more  powerfully  on  the  central  nervous  system  (see  Chapter  IV.). 

Methods  0f  Appiieation.^-T^xse^ses  oi  \ht  skin  may  be  treated  elec- 
trically  in  two  ways — by  applications  to  the  diseased  surface,  and  by 
central  galvanization.  la  the  first  method  the  disease  is  affected  direct- 
ly ;  in  the  second  method  it  is  affected  indirectly  through  the  nervous 
system. 

Application  to  the  Diseased  Surface, — Our  usual  method  of  galvani*- 
ing  the  affected  part  is  to  place  an  adjustable  electrode  of  from  two  to 
four  inches  in  diameter  over  the  point  where  the  principal  nerve  tliat 
supplies  the  part  is  most  superficial, — as  the  popliteal  space,  the  ante- 
rior crural  region,  the  border  of  the  flexors  of  the  arm,  etc.,  while  the 
negative  is  applied  to  the  diseased  surface  by  any  convenient  electiode 
with  a  broad  surface.  This  is  the  method  that  we  usually  adopt  in  the 
treatment  of  ulcers.  We  are  not  able  to  say  how  much  advantage 
there  may  be  in  applying  one  of  the  electrodes  over  the  nerve.  We 
suspect  that  it  may  be  of  service  in  improving  the  nutrition  of  the  part 
that  it  supplies ;  it  certainly  cannot  do  harm  in  that  position  unless  the 
s^nce  is  very  much  protracted.  One  electrode  may  be  placed  on  some 
indifferent  point,  as  the  feet,  or  the  hands,  or  on  the  thigh,  where  cur- 
rents are  borne  well  and  can  do  no  harm,  however  long  they  may  be 
kopt  there.  The  electrode  is  sometimes  kept  firmly  planted  on  tie 
skin  (stable),  and  sometimes  is  slowly  glided  from  one  part  to  another 
(labile).  When  the  part  i«  much  abraded  only  mild  currents  will  be 
borne,  while  in  the  immediate  neighborliood  a  very  strong  current  may 
not  be  felt  at  all.  It  therefore  becomes  necessary  to  modify  the  cur. 
rent  continually  according  to  the  sensations  of  the  patient,  so  that  the 
treatment  may  never  be  excessively  painful.     There  is  yet  fto  evidence 


504 


2>i^ZASES   OF  THE  SKIN. 


that  very  severe  applications  have  any  advantage  over  mfld  applica. 
tions.  The  pain  of  the  galvanic  current  increases  with  the  length  pf 
time  that  the  electrode  is  kept  in  a  fixed  position  without  breaking  the 
current ;  for  this  reason  it  is  necessary,  when  strong  currents  are  used^ 
to  shift  the  position  of  the  electrode  every  minute  or  so,  or  as  often  a» 
the  patient  complains  of  severe  pain.  We  are  not  able  to  say  whether 
the  best  results  are  obtained  by  stable  or  by  labile  applications-  The 
electrolytic  action  of  the  galvanic  current  is  most  decided  when  there 
is  little  or  no  interruption  to  the  current.  When  the  faradic  currcDt  is- 
used  we  generally  make  labile  applications. 

Both  electrodes  may  be  applied  on  the  diseased  surface.  The  ad- 
vantage of  this  method  is  that  it  economizes  time  and  labor  where 
there  are  numerous  and  large  patches  that  need  to  be  treated.  Al- 
though the  electrolytic  action  of  the  negative  pole  is  greater  than  that 
of  the  positive,  yet  both  act  electrolytically,  as  all  physicians  know^ 
and  both  act  curatively  as  experience  shows. 

Wlien  the  body  is  covered  pretty  generally  by  disease,  we  sometimes 
put  an  electrode  on  each  limb,  thus  allowing  the  current  to  run  through 
the  body. 

Local  Faradization  Generalized. — We  have  recently  applied  this 
temi  to  a  method  of  using  electricity  which  combines  the  advantages 
of  localized  and  general  faradization.  Although  we  first  used  it  ii> 
diseases  of  the  skin,  it  may  be  employed  to  meet  the  same  indications 
as  general  faradization  ;  but  since  it  requires  absolute  or  approximative 
stripping  on  the  part  of  the  patient,  it  would  be  called  for  only  in  a 
1  .mited  class  of  affections. 

In  this  method  the  operator  takes  hold  of  both  tlie  electrodes,  by 
their  insulated  handles,  and  passes  thena,  within  a  few  inches  of  each 
other,  over  all  the  diseased  surface  of  the  body.  The  electrodes  may 
be  kept  stationary  over  spots  where  the  disease  is  especially  promi- 
ucnt.  The  method  may  be  modified  in  various  ways.  One  electrode 
may  be  kept  fixed  on  some  particularly  bad  spot,  while  the  other  is 
gUded  up  and  down  the  surface  adjacent,  or  both  electrodes  may  be 
kept  fixed  a  part  of  the  time.  An  advantage  of  this  method,  which 
may  be  employed  with  either  current,  is  that  it  economizes  time  and 
labor,  a  very  important  consideration  in  cases  where  a  large  portion  of 
the  surface  of  the  body  is  diseased. 

This  method  is  especially  indicated  in  cases  where  nearly  the  en 
tire  surface  of  the  body  is  affected  by  disease,  as  in  general  prurigo  and 
psoriasis.     Either  current  may  be  used  in  this  way. 

Gaicral  Faradisation.— Thh  method  of  using  electricity  is  usually 
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not  indicated  in  diseases  of  the  skin,  and  for  the  reasons  alre^idy  given. 
For  those  cases  that  are  associated  with  general  debility  as  a  result  ot 
cause  of  the  disease  of  the  skin,  it  may  be  employed  with  advantage, 
one  pole  may  be  applied  at  the  coccyx  by  an  adjustable  electrode,  of 
at  the  feet  by  a  copper  or  tin  plate,  while  the  other  is  passed  over  the 
surface  of  the  body. 

Electric  Brush.— yfhen  the  skin  is  not  itching  or  anaesthetic  the 
electric  brush  is  very  painful,  and  is  therefore  to  be  recommended 
chiefly  for  cases  where  there  is  very  great  irritation,  or  itching  and 
anaesthesia.  We  have  frequently  found  it  more  efficacious  than  the 
ordmary  sponge  electrode.  In  some  conditions  of  eczema  an  applica- 
tion, which  in  health  would  be  unendurable,  is  positively  agreeable. 
The  distinctively  surgical  methods  of  treating  certain  diseases  of  the 
skin  by  electrolysis  and  galvano-cautery  will  be  described  in  Electro- 
Surgery. 

Central  Galvanization. — This  important  method  of  using  electricity 
we  have  recently  proved  to  be  of  great  service  in  the  treatment  of 
certain  diseases  of  the  skin,  especially  of  chronic  eczema  and  prurigo. 
Under  this  method  of  treatment  alone,  without  making  any  application 
whatever  to  the  diseased  surface.,  the  itching  and  burning  of  these 
diseases  are  relieved  sometimes  immediately,  and  under  a  protracted 
treatment  permanent  cures  are  obtained.  The  results  obtained  by  this 
method  are  of  the  highest  possible  interest  in  a  pathological  point  of 
view,  as  showing  a  kind  of  dependence  of  chronic  eczema  on  the  nervous 
system  that  had  not  before  been  suspected. 

Diseases  of  the  Skin  for  which  Electrical  Treatment  is  Indicated, 
— Under  this  head  we  sum  up  the  results  of  electrical  experience  up  to 
the  date  of  publication. 

Ectema. — ^This  disease  we  place  at  the  head  of  the  list,  for  the  rea- 
son that  we  have  found  more  rapid,  brilliant,  and  uniform  results  from 
electrical  treatment  in  this  than  in  any  other  disease  of  the  skin.  We 
have  treated  the  chronic  forms  in  different  parts  of  the  body,  and  in 
nearly  all  cases  thus  far  with  immediate  relief  of  the  distressing  pain, 
and  ultimate  cure  after  a  course  of  treatment  We  have  used  for  this 
affection,  almost  exclusively,  the  galvanic  current,  either  locally  01 
centrally.  Patients  have  come  into  the  Dispensary  declaring  thai  the 
distress  is  so  great  that  they  would  be  glad  lo  have  the  suffering  part 
amputated,  and  after  an  application  of  from  five  to  fifteen  minutes  have 
gone  out  entirely  relieved.  This  relief  lasts  for  several  hours,  some- 
:i:iies  for  days,  and  the  pain  grows  less  and  less  until  the  cure  is  accom 
l*lished. 


506 


DISEASES  OF  THE  SKOJ. 


It  b  in  this  disease  especially  that  central  galvanization  alt  ne,  without 
making  any  application  whatever  to  the  diseased  part,  has  accomplished 
•iich  striking  results. 

The  following  case  illustrates  the  power  of  central  galvanization  in  a 
most  striking  manner  :— 


Sevtre  and ohstinate  ehronie  ecuma  of  leg,  tight ytarf  ttanding — IntoUrabtt  iieking 
^FailHre  ef  vart^ut  rtmtdiet — Rapid  rtlitf  and  permantni  eurt  undtr  etntru. 
galxKmhatian^ 

Case  XCV. — Mrs.  S.  M.,  an  Irish  serx-ant-girl,  aged  51,  was  admitted  to  the 
Long  Island  College  Hospital,  February  14,  1S72.  with  chronic  eczema  of  the  left  leg 
about  the  ankle,  and  extending  one-third  of  the  distance  to  the  knee.  The  itchbg 
and  pain  were  intolerable,  and  there  was  much  soreness.  The  patient  was  in  other 
respects  strong  and  well,  but  had  suffered  from  this  affection  by  intervals  for  eight 
jrean.  Four  years  before  she  had  been  under  treatment  at  tlie  City  Hospital,  and 
-had  ticen  discharged  apparently  cured,  but  relapsed. 

The  case  was  treated  by  iodoform,  arsenic,  bicarbonate  of  soda,  rhubarb,  carboUte 
of  rinc,  glycerine,  c<>d-livcr  oil,  iodide  of  potassium,  dulcamara,  acetate  of  lead, 
wine  of  colchicura,  and  acetate  of  potash.  These  remedies  were  variously  used  in 
various  morHficalions,  externally  and  internally.  From  some  of  these  agents  the 
patient  derived  temporary  relief  of  the  itching  and  surene&s  ;  but  the  average  and 
ullimate  effect  was,  that  on  April  ist  the  following  record  of  the  case  was  miulc  in 
the  hospital  book  :  •*  Very  painful,  red  and  angr)-,  rapidly  extending,  and  now  cover- 
ing nearly  the  whole  leg  below  the  knee,  and  most  of  the  dorsal  aspect  of  the  foou" 

Arsenic  and  tinc'.ure  of  cinchon.  comp.  were  now  ordered,  but  April  15th,  the 
Mcord  was:  '*Very  mucli  the  same."  At  this  time,  Dr.  Davis  suggested  hcaHttd 
_/arodit*Uici%,  This  suggestion  was  acted  on  with  gratifying  result ;  the  intense  dis- 
tren  was  at  once  in  a  measure  relieved. 

April  16th,  the  patient  was  more  comfortable  than  (or  a  long  lime  previoua. 

April  23d,  very  niuch  improved  and  comparatively  comfortable. 

At  this  time  Prof.  A,  B.  Crosby,  the  surgeon  in  charge  of  the  ward,  requested  m 
to  see  the  patient,  stating  that  she  had  been  very  obstinate  under  the  various  remedies 
that  he  had  trietl  The  patient  was  suffering  greatly  from  the  severe  itching  and 
liuming,  and  the  soreness  was  so  great  that  only  with  difficulty  could  slie  hobble 
•bout  the  ward.  The  appearjjice  of  the  diseased  part  was  red  and  angry,  and  some 
I  ortious  were  more  or  less  covered  by  scales. 

We  decided  to  try  on  the  patient  the  effect  of  tentral  gtilvanixation,  making  »» 
upplication  lohatei'tr  to  tht  diseojed  part.  We  were  induced  to  make  this- trial  00 
the  strength  of  successes  in  other  and  milder  cases  of  cutaneous  diseases.  Our  chief 
hope  was,  perhaps,  to  relieve  the  itching  and  pain;  a  permanent  cure  we  had  no 
reason  to  anticipate.  As  ihe  patient  was  a  good  and  willmg  subject  on  which  to 
demonstrate  electrical  applications,  she  was  taken  before  the  class  of  the  Long  Island 
College  Hospital,  and  treated  by  central  galvanization,  the  statement  being  made, 
that  we  did  not  hope  thereby  to  cure,  but  simply  to  illustrate  the  method  of  using 
electricity. 

The  details  of  the  applications  were  entrusted  entirely  to  Dr.  Edwin  E.  Smltlk 
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bo«sr-siii2eon«  who  carried  out  the  treatment  with  great  faithfulness  and  to  irhoD> 
we  are  indebted  for  the  full  history  of  the  case  as  here  presented. 

The  relief  of  the  itching  and  pain  was  very  rapid,  although  on  the  25th  Dr.  Smtlb 
made  the  following  record:  "A  little  more  irritable."  This  result  was  probaUj 
due  to  01  er- treatment,  too  strong  currents,  or  too  prolonged  applicationa. 

i4/r«7  3orA.— Patient  '•  much  belter." 

Afajr  tofA, —  -'  Still  steadily  improving."  The  appearance  of  the  leg  was  now  mudi 
changed  for  the  better.     The  most  obstinate  portion  was  tlie  region  about  the  ankle. 

The  applications  were  now  made  four  and  five  times  a  week  with  a  13-ceII  zinc* 
carbon  battery  of  Kidder  for  about  ten  minutes  at  a  ti'atut. 

May  i^th, — A  lotion  of  acetate  of  lead  wash  was  ordered  by  Dr.  Crosby,  to  coo- 
tract  the  eulftrged  capillaries. 

Junt  5M  — "  Patient  is  walking  about  out -doors  with  comparative  ease,  and  is 
nearly  well.*' 

We  again  presented  the  case  before  the  class  of  the  College,  demonstrated  on  her 
our  method  of  central  galvanisation,  and  pointed  out  the  extraordinary  and  unlooked* 
for  improvement.  The  skin  of  the  whole  leg,  except  around  the  ankle,  was  well,  and 
the  patient  for  a  long  time  had  been  entirely  free  from  itching  and  pain. 

yune  x^th. — The  patient  was  "  tlischaxgcd  cured." 

Jan.  13/A,  1873. — Dr.  Smith  informs  us  that  there  has  been  "  no  recurrence  of 
the  difficulty. "  Several  months  after  the  patient  left  the  hospital  we  heard  that  she 
was  still  welL 

The  above  cxise,  taking  all  the  facts  into  consideration,  its  long 
standing,  its  inveteracy  under  manifold  treatment,  and  the  immediate 
and  rapid  relief  and  cure  under  central  galvanization,  is  certainly  most 
extraordinary,  and  it  will  not  subtract  from  the  instructiveness  and 
brilliancy  of  the  result,  if  in  future  years  a  fresh  attack  of  the  disease 
should  occur.  Although  the  case  was  not,  so  far  as  we  know,  studied 
by  any  recognized  specialist  in  dermatology,  yet  among  the  very  many 
surgeons  and  physicians  who  watched  its  progress  before  and  during 
the  electrical  treatment,  there  was,  we  believe,  no  difference  of  opinion 
in  regard  to  the  diagnosis,  and  there  was  no  question  that  the  cure  was 
wrought  entirely  by  central  galvaniiation^  acting  upon  the  central 
nenous  system,  and  tlius  improving  the  peripheral  nutrition.  This 
very  remarkable  experience,  which  to  some  has  seemed  incredible,  we 
have  recently  conlirmed  in  a  similar  case  of  chronic  eczema  of  the 
legs  of  sixteen  months'  standing.  The  relief  of  the  itching  by  cen- 
tral galvanization  alone  was  immediate,  and  after  a  few  application 
the  disease  began  to  improve  in  appearance,  and  in  six  weeks  there 
was  approximate  recovery.  At  the  date  of  writing  the  patient  is 
entirely  well.  When  the  pationt  was  about  half  cured  he  was  seen  by 
Dr.  L.  D.  Bulkley.  Dr.  Kinsman,  of  Columbus,  Ohio,  writes  to  us  dliai 
he  has  successfully  treated,  by  central  galvanization,  a  severe  case  of 
impetiginous  eczema  of  twenty  years'  standing. 
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Ckr9Hic  eettma  of  the  legs  and  feet ^  ene  year's  Handing— Relief  of  pain  and  ticking 
under  iKoliud firadi$aiiim  and  galvaniuUion, 

Cask  XCVI— Michael  P..  ngeJ  64.  had  suff<rc«J  for  twelve  montlis  from  clinmk 
eczema  of  tbe  leg<;anfl  feel,  atximipanj^  with  terri'iV- itching  and  burning  sensations 
The  afTected  parts  were  bat  little  sensitive  to  the  electric  current,  either  galvanic  01 
faradic.  Locilizeti  galvanization  and  faradization  were  employed,  and  some  of  the 
time  the  electric  brusli  with  a  strong  current  was  not  only  well  borne,  but  was  most 
grateful  to  the  patient.  The  applications  were  made  from  live  to  twenty  minutes.. 
In  all  cases  there  was  relief  of  the  distressing  pain.  Symptoms  of  relief  began  to 
appear  soon  after  the  beginning  of  the  s  anee,  and  at  the  close  was  sometimes  ib^- 
lute.     Thb  relief  lasted  at  first  from  two  to  twelve  hottn. 

The  patient  continued  treatment  for  three  weeks — in  all  ax  applications  were  made. 
The  mtervals  of  relief  were  sensibly  lengthened,  and  the  patient  abandoned  treat- 
ment.     With  the  relief  in  the  itching  and  pain  there  was  corresponding  relief  in  the 
appearance  of  the  diseased  parts.     We  have  no  reason  to  believe  that  the  patient . 
was  permanently  cured. 

E€%ema  of  the  statp  of  three  months*  duration  in  a  gentleman  seventy-five  yeart  0/ 
age — Recovery  in  two  months  under  local  gah/anization  and  general  faradiaatt0H» 

Cask  XCVII. — Mr.  L  ,  aged  75,  was  afTected  with  eczema  of  the  scalp.  The  erup- 
tionscxtcnded  overtheentireportion of  thehcad  covered  by  the  hair, and  had  persisted, 
in  spite  of  many  external  applications,  for  nearly  three  months.  The  diseased  part  wai 
covered  with  thick  scabs  which  tended  to  coalesce  and  cover  as  by  one  huge  mass  the 
entire  surface.  The  scalp  was  quite  irritable,  and  at  night  especially  the  patient  wa< 
annoyed  by  an  irresistible  desire  to  stratdi.  The  bowels  were  decidedly  constipated, 
and  the  general  health,  although  usually  good,  was  at  this  time  considerably  l>eiowpar. 
The  patient  submitted  to  treatment  by  both  localised  galvanization  and  general  fara- 
dization. The  first  application  of  the  former  method  resulted  in  a  decided  relief  to 
the  constant  itching. 

After  two  weeks'  trial  of  both  methods,  some  of  the  scabs  began  to  dry  up  and  pee* 
off,  constipation  was  very  much  relieved,  and  the  general  health  had  improved  in 
cuuked  degree. 

This^  improvement  slowly  went  on,  until  in  two  months  from  the  beginning  of 
treatment  the  scalp  was  quite  free  from  disease. 

Prurigo. — If  electricity  could  do  nothing  more  than  relieve  the  itch- 
ing of  prurigo,  it  would  be  entitled  to  an  honorable  place  in  the  arma- 
mentarium of  the  dermatologist.  Dry  faradization  alone  may  bring  re- 
lief in  a  very  few  minutes,  and,  when  perseveringly  used,  may  cure. 
We  have  seen  immediate  relief  follow  general  faradization  used  in  the 
ordinary  method  with  wet  sponges.  In  this  disease  also  centra",  gal' 
vanization  alone  has  in  our  hands  been  very  effective. 

General  prurigo,  six  year/  standing— Intense  itching — Approximate  ettre  a/im 

fifteen  s  ancei  of  central  galvanitation. 
Cask    XCVII  I. — W.  R-,  9  years  of  age,  came  into  the  Electro-Therapeutical  I> 
INurtment  of  Demilt  Dispensary,  April  11,  1872.     At  the  age  of  three  the  patient  hlid 
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icftriet  fever;  thb  \fas  followed  by  geaeral  prurigo  that  had  never  been  relieved. 
The  dUease  covered  the  back,  abdomen,  and  le^.  The  itching  was  most  severe. 
Sleep  at  night  had  for  years  been  interrupted  by  this  distress,  and  marks  of  scratch* 
lag  were  cvcrj-wherc  seen.     The  disease  was  at  its  worst  on  the  back. 

Acting  on  the  theory  that  the  disease  was  of  a  nervous  character,  Dr.  Woodrnfl 
'eferred  the  case  to  the  Electro- Therapeutical  Department,  when  treatment  by  cen- 
■tral  galvanixation  was  begim  and  contmued  for  two'  months.  Towards  the  close  of 
(he  treatment,  June  I,  little  remains  of  the  emption  were  seen  excepdng  on  the 
h*c\i,  and  there  was  very  little  itching. 

yutte  15. — The  patient  abandoned  treatment ;  the  recovery  appeared  to  be  aads- 
fftctory.     We  have  no  further  intelligence  of  the  case. 

Dr.  Sterling  gives  us  the  following  case,  the  diagnosis  of  which  was 
fiot  fully  clear  to  him  : — 

Cmcral  erupiion  with  ^rning  sensation  of    long  standing — Somt  improvemtnt 

under  localittd  galzmniiation,  and  galvanisalian  0/  the  cervieat  tympathttic— 

MmcA  greater  improvemunt  under  central gotvanitation^ 

Case  XCIX. — Mr.  G.,  at  the  age  of  twelve,  was  attacked  with  an  eruption  all 
^vcr  the  body,  after  seabathing.  Treatment  cured  the  eruption,  hut  a  burning, 
•marting  sensation  was  left  in  the  face,  that  always  was  increased  on  any  excitement. 
Drinking  a  cup  of  tea  or  coffee,  or  entering  a  heated  room,  would  bring  on  burning 
jtnd  smarting  in  ilie  face,  with  very  decided  puffinesi.  Arscmc  and  various  other 
remedies  bad  liccn  u^>ed  faithfully. 

May  I,  1S71. — Treatment  by  galvanization  of  the  sympathetic  and  localized  gal- 
vanization was  begun,  and  the  result  was  satisfactory;  but  relapse  occurred,  and 
«ome  months  subsequently  he  was  treated  by  central  galvanization  alone,  with  very 
^eat  improvement.  He  still  suffers  from  slight  relapses  that  are  always  benefited  by 
electrical  treatment. 

Lichen.— ^^  have  had  no  opportunity  to  treat  a  marked  case  of 
lichen  ;  but  there  is  every  probability  that  electricity  would  accomplish 
as  much  in  this  affection  as  in  the  other  symptoms  of  the  so-called 
^artrous  diathesis. 

Antesthesia, — For  the  curable  cases  of  cutaneous  anaesthesia,  faradi- 
zation is  a  specific,  if  any  remedy  can  be  said  to  be  a  specific  for  any- 
thing. Even  cases  that  depend  on  incurable  central  lesion  may  im- 
prove \cxy  decidedly  under  treatment.  In  cases  of  paralysis  of  motion 
and  sensation,  the  sensation  may  be  partially  or  completely  restored 
under  electric&l  treatment,  even  when  the  loss  of  motion  remains  un- 
changed 

Anaesthesia  is  a  condition  for  which  the  electric  brush  is  particulmly 
indicated  (see  chaptei  on  .\naesthesia). 

Acfu. — If  we  were  to  judge  from  our  own  limited  experience  in  the 
treatment  of  acne,  we  could  not  speak  very  encouragingly. 

Ouf  assistant,  Dr.  J.  H.  Sterling,  informs  us  that  one  year  ago  a  case 
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of  hereditar)'  acne  indurata  of  the  face  and  back,  under  his  care,  WM 
treated  by  eighteen  applicarions  of  central  galvanization,  without  any- 
other  treatment,  and  the  disease  disappeared.  The  constipation  an<> 
headache,  which  had  been  very  distressing,  were  also  relieved.  Up  ta 
date  (July,  1873)  the  patient  was  well, 

Acnt  Rosacea, — Whether  acne  rosacea  is  different,  pathologically, 
from  ordinary  acne  or  not,  it  certainly  yields  better  to  electrical  treat- 
ment. On  the  theory  that  the  disease  may  depend  in  some  way  on 
the  digestive  organs,  central  galvanization  may  be  tried  in  conncctioa 
with  local  treatment, 

Aen*  rosacea  of  long  standing — Immediate  improvement  under  lotatited  gatvafUMt^ 
tion  with  sponges  and  metallic  electrodes. 

Case  C. — A  medical  genlleraan,  aged  about  sixty,  in  April,  187J,  requested  m 
to  treat  him  for  acne  rosacea  thai  had  for  some  time  caused  him  annoyance.  The 
blood-vessels  were  considerably  enlarged  on  both  sides  of  the  nose,  the  color  was  ■ 
decided  red,  and  there  was  the  usual  thickening.  The  health  of  the  patient  was  in 
other  respects  pretty  good,  excepting  attacks  of  indigestion  with  acidity. 

We  began  treatment  with  localized  galvanization — with  wet  cloths  and  sponge, 
sometmies  using  a  metal  electrode,  with  a  sharp  edge.  When  the  metal  electrode — 
connected  with  the  negative  pole — ^was  used,  the  dilated  capillaries  were  electrolysed 
under  Ihe  negative  pole,  and  gases  escaped  with  a  sound  that  could  be  easily  heard. 
There  was  a  tendency  to  reappearance  of  the  dilated  vessels,  but  after  a  few  weeks^ 
treatment  they  were  entirely  de^royed,  leaving  no  scar  or  trace,  and  the  color  of  the 
nose  on  both  sides  had  disappeared.  There  appeared  to  b«  also  a  diminution  of  the 
hypertrophied  tissues. 

There  has  been,  since  that  lime,  some  return  of  the  oiTection,  but  he  is  very  much 
better  than  formerly.  The  habits  of  the  patient  were  never  mtemperate,  but  he  had 
always  been  accustomed  to  ufe  more  or  less  alcoholic  liquors. 

We  have  since  treated  another  case  of  acne  rosacea  by  the  same 
method,  and  with  results  which,  for  the  time,  are  most  satisfactory. 
This  case  has  been  attended  with  itching  that  has  been  relieved,  and 
the  appearance  of  Jhe  nose  has  very  rapidly  improved. 

Psoriasis^  and  Pityriasis,  in  their  relation  to  electro-therapeutics, 
may  be  divided  into  three  classes  ;  ( i )  Those  cases  that  are  benefited 
up  to  a  certain  point.  (2)  Those  cases  that  receive  but  little,  if  any, 
benefit.  Judging  from  our  own  observations,  we  should  say  that  the 
latter  class  {those  who  do  not  yield  at  all)  are  in  the  minority.  Some 
cases  progress  very  slowly,  and  need  months  of  treatment  The  negative 
pole  of  the  galvanic  current  seems  to  be  more  efficacious  in  this  dis- 
ease than  any  other  method.  For  the  sake  of  economizing  time,  how- 
ever, we  frequently  use  both  poles,  with  broad  electrodes. 

The  results  hive  not  been  very  satisfactory.     Even  wlien  decided 
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improvement  takes  place  under  long  treatment,  relapses  may  occur, 
,  and  the  cure  has  never  in  our  hands  been  complete. 

Herpes — Herpes  Zoster — Herpes  Frontalis  seu  Ophtkalmicns,— 
Herpes,  if  not  the  most  persistent,  is,  without  doubt,  attended  by  the 
most  excruciating  pain  of  the  various  neuroses  of  the  skin.  Whethei 
its  seat  be  the  head,  the  tnmk,  or  the  extremities,  die  associated  pangs 
are  sometimes  almost  beyond  human  endurance. 

Herpes  is  now  generally  regarded  as  subordinate  to  the  existence  of 
a  neuralgic  or  rheumatic  diathesis,  and  as  originating  in  any  cause 
which  weakens  the  vigor  of  a  nerve-trunk  or  its  cutaneous  branches : 
hence  it  would  not  be  unreasonable  to  suppose  that  electricity  in  some 
one  of  its  forms  might  prove  of  service. 

The  teachings  of  experience  clearly  attest  its  value  in  this  complainL 
The  disease,  it  is  true,  runs  an  acute  course,  and,  as  a  rule,  recovery 
more  or  less  complete  follows  in  the  course  of  a  few  weeks,  but  it  is 
none  the  less  incumbent  to  relieve,  so  far  as  possible,  the  acute  sufier- 
ings  that  attend  it. 

The  first  two  cases  which  we  briefly  record  occyrred  in  that  part  of 
the  body — viz.,  the  trunk — which  is  said  to  be  the  most  frequent  seat 
of  the  disease.  The  succeeding  three  of  Herpes  frontalis  seu  ophtluU- 
micus  are  of  somewhat  greater  interest,  because  of  the  comparative  in- 
firequency  with  which  such  cases  are  met,  and  of  iheir  great  importance 
to  ophthalmologists. 

Herpet  tkoraeicaUt — Treaimuitt  by  tktfaradk  currtni. 

Case  CI. — Jane  A.,  a  dispensary  patient,  aged  seven  years  six  months,  had  siif> 
fered  for  several  weelu  from  febrile  symptoms  and  anorexia,  and  finally  an  herpetic 
emption  appeared  on  the  chest  and  right  side.  The  eruption  increased  AtiJ  rapidly 
extended,  imlil  the  thorax  was  nearly  encircled.  The  pain  from  which  the  child  suffered 
was  very  severe,  and  for  forty-eight  hours  it  had  been  contmuou^  We  employed  fara- 
diiation  (mildly),  and  were  rewarded  by  an  immediate  relief  of  the  neuralgic  pains. 

Four  similar  applications  were  subsequently  given, — one  on  each  alternate  day; 
but  there  was  no  return  of  pain,  and  within  ten  days  the  eruption,  which  resembleil 
aborted  vesicles,  had  quite  disappeared. 


fftrpet  tan-aii* — Trtatmtnt  by  the  faraJic  eurreni. 

Cask  CII.  — Wc  were  called,  December  3,  1873,  to  sec  a  gentleman,  aged  34, 
who  wai  suffering  from  an  herpetic  eruption  over  the  region  of  the  sacrum.  The 
veaicles  extended  from  the  hip  to  the  sciatic  notch  on  the  right  side,  and  covered  a 
narrow  tract  along  the  outer  portion  of  the  thigh,  with  clusters  here  and  there  to  the 
external  malleolus.  The  accompanying  neuralgic  pain  was  quite  as  severe  as  in  the 
preceding  case,  and  simulated  actual  sciatica-  We  placed  the  foot  of  the  patient  on 
t  coppa  plat4^  to  which  the  o^ative  pole  was  attached,  and  with  a  mild  faradic  car* 
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tent  brodgtit  tike  irbole  hip  «nd  limb  under  the  electrical  infifnrr      The  effect  wa. 
Most  gnlcfoi,  and  the  relief  afforded  txamediate. 

Tbe  same  method  was  repeated  a  oomber  of  tijnes,  and  althoo^  tbe  patieat  ooc»- 
aionallf  experienced  twinges  of  pain,  they  were  of  little  severity,  ud  witltfD  •  week 

Of  Herpes  fronialis  seu  ophthalmuus  we  have  treated  six  cases  by 

electricity,  and  always  with  the  result  of  relieving  the  paiiif  and  in  three 
cases  the  course  of  the  disease  even  was  apparently  modified. 

iferfu  frwntaiU —  Trtatmemt  fy  tkf  gmkmue  eurrtmt. 

Case  CIII.— A  lady,  aged  about  60,  and  sent  to  ns  by  Dr.  C.  R.  Agnew,  haA  flrf- 
fere^J  long  and  severely  from  herpes  of  tbe  forehead  and  face.  Acute  and  pensstent 
neuralgia  supenrened,  resisting  ail  allempts  at  permanent  aOeviatioo.  Tbe  falwiic 
cturent  was  locally  and  cenlrally  applied,  and  resulted,  in  a  few  sesDoe^  m  rdietun 
in  a  good  measure  the  neuralgic  pains.  Ptosis  of  tbe  right  eyelid  ronaiaed,  hom- 
ever,  in  spite  of  the  treatment  by  galvanization.  Three  local  applications  of  the 
faradic  current  approximately  restored  the  lost  moxiilax  power. 

Herpts  frontalU — AUevialioH  of  pain  ky  tht  galvanic  current^  a/ttr  faiiurt  »/  HAt 

faradic  current. 

Case  CIV. — Mrs.  L.,  aged  39,  consulted  us  oa  June  to^  1874,  and  gave  the  f9now> 
ing  history  of  ber  case.  Two  weeks  prior  her  attention  was  called  to  a  small  Tcaai> 
iar  eruption  oa  the  left  forehead,  directly  over  the  coarse  of  tbe  supra>orbital  nerve. 
Similar  eruptions  quickly  followed,  thickly  studding  the  side  of  tbe  head  and  £ice, 
and  accompanied  with  much  pain.  A  bomceopathic  physician  had  had  the  case  in 
fiharge,  and  bad  succeeded  in  temporarily  relieving  tbe  neuralgia  only  by  the  ad* 
ministration  of  morphine  When  tbe  patient  fell  under  our  observation  she  wms  suf- 
fering more  than  at  any  previous  time,  and,  rather  because  of  convetuence  than 
choice,  we  gently  applied  tbe  faradic  current  to  the  affected  and  surrounding  partL 
It  did  not  cause,  either  durmg  the  application  or  subsequently,  any  ^wcial  modificatioa 
of  the  distress.  On  the  following  day  we  resorted,  as  we  should  have  done  at  first, 
to  the  galvanic  current,  making  the  applications  locally,  centrally,  and  in  less  than  tea 
minutes  the  intense  agony  of  the  patient  was  almost  completely  relieved.  She  passed 
a  very  quiet  night,  but  in  the  morning  complained  of  some  distress  over  and  in 
the  right  eye  and  temple.  She  was  immediately  relieved  by  a  second  appUcatioo, 
after  which  she  was  subjected  to  treatment  several  timely  although  she  suffered 
but  little,  if  any,  and  rapidly  progressed  towards  recovery. 

Hirfes  frantiUit — Treat  aunt  by  the  galvanu  current — TmmediaU  relitf  tf  foin-^ 

The  course  0/  disetue  apparently  modified. 

Ca.se  CV. — ^A  third  case  of  zoiiter  frontalis,  in  the  person  of  a  female,  a^ed  about 
35,  fell  under  our  observation  on  the  2d  of  June,  1874-  The  lady,  who  was  a  patient 
of  Dr.  Oliver  White,  first  observed  a  slight  eruption  over  the  right  eye.  This  rap- 
idly spread  over  the  whole  siJc  of  the  foreheat.1,  and  the  angle  of  the  mouth  was 
involved.  The  associated  neuralgia  was  of  the  most  excruciating  and  mtolerable 
cliaracter.   Dr.  L.  D.  Bulkley  was  called  in  consultation,  and  advised  the  galvanic  cur- 
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ffCttt,  a  few  applications  of  which  rapidly  and  effectually  relieved  the  patient  of  all 
pun,  and  greatly  hastened  recovery  after  failure  of  various  local  applications.  The 
treatment  was  oiiuinued  for  some  time  sabseqaently,  in  order  to  make  the  scarring 
■s  slight  as  possible. 

It  win  be  observed  that  of  the  above  cases  the  first  two,  in  which 
the  eruption  was  confined  to  the  body,  were  relieved  by  the  faradic 
current ;  and  that  the  three  following  (herpes  frontalis)  yielded  to  the 
galvanic  current.  1 

From  these  and  other  cases  the  following  conclusions  seem  to  us 
legitimate  • — 

1.  That  the  pain  of  herpes,  no  matter  where  the  seat  of  the  eruption 
,  may  be,  is  generally  susceptible  of  speedy  and  effectual  relief  by  the 

use  of  the  galvanic  or  faradic  current. 

2.  That  when  the  eruptions  take  place  on  the  head — herpes  frontalis 
— the  galvanic  current  has  greater  power  to  relieve  the  pain  than  the 
faradic. 

3.  The  electric  treatment,  besides  relieving  the  pain  of  herpes, 
seems  to  shorten  somewhat  the  acute  stage,  to  break  the  force  of  the 
disease,  and  to  modify  the  scarring. 

Ringworm. — Common  ringworm  may  yield  to  the  galvanic  ciirrenL 

Tinea  ciranatus  (ringvmrm)  of  more  than  two  yeari  ttanding'^-^Reesvery  foltawt 
OHt  apptkatioH  of  the  gahnink  current. 

Case  CVI.— A  lady  patient,  aged  30,  called  oor  attention,  casually,  toacommoo 
ringworm,  circular  in  shape,  an  inch  and  a  half  in  diameter,  and  situated  at  about 
the  junction  of  the  shoulder  and  neck.  The  disease  made  its  appearance  more  than 
two  years  prior  in  the  shape  of  a  slightly  elevated  spot  which  gradually  enlarged  to 
the  above-named  size.  The  part  had  begun  to  heal  in  the  centre  several  times,  and 
as  often  the  process  of  repair  would  be  almost  complete,  when  the  disease  would  take 
a  sadden  start  and  liecome  as  marke<J  as  ever.  Finally,  however,  the  centre  of  the 
eruption  permanently  disappeared  and  lefl  a  circular  spot  of  dear  skin,  surrounded 
t»y  a  wide  erythematous  ring.  This  condition  had  remained  stationary  for  more  than 
a  year.  We  applied  to  the  diseased  part  a  metallic  disk  sufficiently  large  to  cover  it 
completely,  and  passed  for  a  few  minutes  a  galvanic  current  of  slight  tension,  bat  saf- 
fident  to  create  a  decided  bumbg  sensation,  and  to  appreciably  affect  the  eruption. 
This  was  the  only  application,  as  immc<liately  after  the  patient  left  the  dty.  A 
mouth  afterwards,  however,  slie  presented  herself^  but  with  no  vestige  of  the  ring- 
wo<TO.  It  licgan  to  disappear  almost  immediately  after  the  treatment,  and  within 
two  weeks  the  skin  was  quite  dear.  To  this  date,  two  and  a  half  years  since  the  v^ 
pbcatioo,  there  has  been  no  reapi  earance  of  the  eruption. 

Scleroderma.— \)\\%  disease  of  the  skin,  usually  so  obstinate  to  recog- 
nized methods  of  treatment,  may  be  treated  by  strong  localized  galva- 
nization with  considerable  benefit.     Fieber,  of  Vienna,  records  a  cue 
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tad  gave  an  onfavorabk  prognosis,  and  were  indeed  inclined  not  to  Attempt  it  ;  onl; 
by  the  earnest  request  of  the  patient  and  his  physician  we  decided  to  try  and  aer 
whether  we  might  give  him  some  relief.  Localized /aro^/iia/ww,  at  firat  tried,  aocoiB' 
pliihed  nothing,  and,  so  great  was  the  anaesthesia,  was  not  felt  by  the  patient. 


U^s 


r*  *** 


Ki<i.  104. 
ElephantiaMS  of  legs  before  treatment  by  electricity. 

Localized  galvaniiation^  by  means  of  wet  sponges.,  and  both  poles  with  zinC'-carboQ 
iiattefy  of  sixteen  cells,  was  appreciably  felt,  and  very  soon  b^an  to  relieve  the  pain. 

The  applications  were  from  ten  to  thirty  minutes  in  length. 

After  two  months'  treatment  the  clepliantine  likin  on  the  left  leg  was  removed,  the 
•»in  had  ceased,  and  the  leg  was  reduced  in  circumference  from  tweniy-five  to  teven- 
*ten  inchtt.     The  ulcerated  portion  below  the  ankle  was  also  nearly  well. 

The  electrical  treatment  was  then  discontinued  for  several  months.  During  the 
Utter  port  of  this  lime  there  were  evidences  of  relapse  and  reappearance  of  ulcere  and 
pain.     The  case  was  seen  at  various  stages  by  a  large  number  of  the  profesaoo. 

The  patient  subsequently  relapsed  somewhat  on  a  discontinuance  of 
the  treatment ;  was  again  treated,  though  with  less  benefit,  by  our  as- 
sistant. Dr.  Sterling.  Among  other  methods  central  galvanization  was 
tried,  but  without  perceptible  effect.  In  the  course  of  a  year  the  pa- 
tient died  exhausted. 

Alopecia. — In  this  condition,  local  galvanization  has  been  used  with 
some  benefit.  Our  own  observations  in  this  particular  aflFection  have 
not  been  very  extensive. 

The  question  that  has  been  often  asked  us,  whether  parasites  on  the 
tkin  can  be  killed  by  a  current  that  the  patient  can  easily  bear,  we  are 
unable  to  answer. 
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Permanence  of  tlu  Results. — The  very  natural  question,  whether  th< 
fcsults  obtained  by  electricity  in  diseases  of  the  skin  are  more  penua- 
oent  than  those  obtained  by  ordinary  methods,  the  future  must  answer. 
That  relapses  may  occur  after  a  cutaneous  disease  has  even  yielded  to 
electrical  treatment,  already  has  been  demonstrated.  To  what  extent 
central  galvanization  and  general  faradization  combined  with  local  treat- 
ment can  control  the  diathesis  must  be  ascertained  by  patient  and  per- 
sistent experiment. 

That  the  results  of  electrical  treatment  are,  to  say  the  least,  as  per- 
manent as  those  derived  from  the  accepted  methods,  and  that  after  the 
accepted  methods  have  partially  or  entirely  failed,  electricity,  either  ilonc 
or  in  conjunction  with  the  accepted  methods,  may  succeed,  we  ha"  c  sat 
isfactorily  csiaLlished. 

Superfluous  Hairs. — That  hairs  can  be  successfully  and  permanently 
removed  by  electrolysis  is  now  an  established  fact.  The  a[>pliances 
necessary  are  a  pair  of  tweezers  to  seize  the  hair,  an  exceedingly  fine 
irido-platinum  needle,  and  a  needle-holder  which  is  to  be  connected 
with  the  negative  pole  of  the  battery.  The  patient  being  seated  in  a 
high  reclining  chair  and  exposed  to  a  good  light,  the  operator  seizes  the 
hair  with  the  tweezers  held  in  one  hand,  while  with  the  other  the 
needle  is  introduced  by  the  side  of  the  hair  into  the  follicle.  The 
patient  then  applies  the  positive  pole  to  the  palm  of  her  hand.  In  a 
few  seconds  some  hyperemia,  followed  by  a  slight  blanching  and  a 
little  froth,  will  appear  around  the  needle,  and  in  from  twenty  to  forty 
seconds  the  hair  becomes  loose  in  the  follicle  and  is  readily  withdrawn. 
The  current-strength  should  be  just  sufficient  to  do  the  work.  Approxi- 
mately, from  eight  to  twelve  ordinary  zinc-carbon  cells  will  answer  the 
purpose. 

The  pain  is  but  slight,  and  if  the  work  is  skilfully  done  but  little,  if 
Any,  scarring  will  follow. 
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Among  the  diseases  of  the  organs  of  digestion  for  which  electricity 
has  been  successfully  employed,  are  dyspepsia^  jaundice^  comtipatioHy 
chronic  diarrhaa,  gasiralgia^  abdominal  neuralgia,  vomiting  or  regur- 
gUaiion,  flatulence^  and  sea-sickness. 

Eleclro-Diagnosis^—lmtahlc  conditions  of  the  stomach,  liver,  and  in- 
testines are  sometimes  revealed  by  their  sensitiveness  to  the  electric 
current.  Pains  must  be  taken  to  distinguish  the  sensitiveness  of  the 
skin  frora  that  of  the  internal  organs. 

An  anaesthetic  condition  of  the  liver  is  sometimes  exceedingly  marked. 
In  several  of  our  cases  the  whole  power  of  the  farad ic  apparatus  was 
not  painfully  felt,  when  localized  through  the  liver  by  large  sponge 
electrodes.  Irritability  or  ulceration  of  the  large  intestines  is  some- 
times indicated  in  a  very  marked  manner.  For  the  diagnosis  of  the  dis^ 
eases  of  these  organs,  the  faradic  current,  on  account  of  its  superior 
mechanical  effects,  is  preferable  to  the  galvanic 

In  nervous  dyspepsia  there  is  frequently  a  peculiar  and  very  unpleas- 
ant tenderness  in  the  epigastric  region,  so  that  only  a  very  mild  current 
can  be  borne.  In  some  cases  a  thrill,  with  a  sinking  sensation,  is  felt 
when  the  electrode  with  a  strong  current  is  passed  down  the  spine  ;  in 
other  cases  the  application  of  a  strong  current  at  the  cilio-spinal  centre, 
or  on  the  crown  of  the  head,  causes  a  feeling  of  nausea.  The  spinal 
irritation,  on  which  nervous  dyspepsia  so  frequently  depends,  is  indi- 
cated by  tenderness  of  the  dorsal  vertebne,  as  revealed  by  pressure  or 
application  of  the  current. 

General  Principles  of  Electrical  Treatment. — Electrical  treatment 
is  serviceable  in  the  diseases  of  the  organs  of  digestion  in  two  ways ; 
J^'irst,  by  improving  the  nutrition  of  the  tissues  of  the  organs  ;  Secondly, 
by  improving  the  nutrition  of  the  brain,  spinal-cord,  sympathetic,  and 
entire  nervous  system.  The  tonic  influence  on  the  nervous  system  may 
be  obtained  by  central  galvanization,  and  by  general  faradization. 

The  mechanical  influence  on  the  tissues  of  the  viscera  may  be  ob- 
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caiacd  bf  gtoeal  or  WwaKml  bnduaAam.    A  faadameaul  fiKt  «l  | 

peat  mpofUACc  n  cbc  trcanpcat  ot  onoRKts  of  ifac  ^i^t 
dm,  tiat/pr  a///ua/i4ms  to  the  mbd^wumal  visctrm,  tftmtmrk,  spUem^  h^- 
CTt  mtrttmrr  cmd  wtarms^  ii^/armdic  rmrremi  is  wtmmHj  f%  e/a  miit  4r  i 
gthamc.    The  reasoo  fbr  this  is  ckat  tbe  fmdK  cmFcnt 

vigoroosijr  on  the  masdes  tban  the  galvanic,  and  tfacrcfcre  ] 
more  powerfiol  mtfJumirml  «fiects,  widi  passive  exercise  of  all  dw  i 
dmics.   It  waff  be  safely  said,  dien,  that  we  know  of  no  ticatiDeBt  i 
•ore  to  relieve  tbe  katfing  and  concooituit  phenoneoa  of  dfrspepoaj 
general  faradization  and  central  gahraaizatioa.     la  coaneoti 
this  we  sometinies  use  galvanizatioa  of  the  qmpadielic,  tbe 
gastric,  and  sptoe.    GeDeral  fanidigatino  reHeres  nearom 
not  so  much  by  the  virtue  of  its  infloence  oo  the  stomach- 
it  directly  afiects  the  stomach — as  by  its  in^eoce  oo  tbe  nervoas  < 
tion  of  which  the  dyspepsia  is  a  sjrmptooi. 

The  number  of  our  cases  in  which  d3r5pepsia  was  the  only  symptoa^ 
was  comparatively  small ;  the  number  in  which  it  was  a  prominent  ac- 
companying symptom  was  quite  large.     Most  of  the  cases  of  hysteiiaa  J 
nervous  exhaustion,  and  hypochondriasis,  and  very  many  of  tbe  ' 
of  neuralgia  and  paralysis,  were  more  or  less  complicated  with  dys|>cp>l 
tic  symptoms.     Relief  of  dyspepsia  is  one   of  the  earlier  signs  of  im- 
provement under  electriiaiion,  even  when  treating  cases  in  which  it  b 
merely  an  incidental  condition. 

The  stomach  and  liver  may  be  indirectly  gal^-anizcd  tfarough  llie] 
pneumogastric  in  the  neck ;  the  stomach,  liver,  spleen,  kidne3rSy  and  \ 
intestines  may  be  directly  faradized  by  applying  large  electrodes  with 
very  fine  pressure  over  the  back  and  abdomen,  so  as  to  pass  the  cur* 
rent  directly  through  the  organ  that  we  wish  to  afiect.  Except  in  cases 
of  disease,  these  organs  will  bear  strong  currents  without  severe  dis. 
comfort.  Either  stable  or  labile  applications  may  be  used,  without  re- 
gard to  the  direction  of  the  current,  from  three  to  ten  minutes,  or  even 
longer. 

Prognosis. — For  the  temporary  or  permanent  relief  of  nervous  dys- 
pepsia, the  prognosis  under  the  treatment  above  indicated  is  exceed- 1 
ingly  favorable,  and  the  results  obtained  by  general  faradisation  and 
central  galvanisation  alone  are  some  of  the  most  remarkable  in  tkeriu 
peuties,  Case^  of  nervous  dyspepsia,  with  their  manifold  complications, 
are  on  the  whole  the  best  tests  that  can  be  offered  for  this  method  of 
treatment.  Not  only  are  the  purely  dyspeptic  symptoms  relieved,  but 
there  is  great  improvement  in  sleep,  and  in  strength  of  muscle  and 
brain,  and  m  some  cases  very  marked  increase  in  weight     Relapses 
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*re  not  unfrequent  in  this  disease,  especially  under  bad  hygiene ;  for 
with  many  the  tendency  to  nervous  dyspepsia  is  hereditary,  and  is  con- 
tinually liable  to  manifest  itself. 

Dft/eptia^  ate»mpa.nied  by  a  voracious  appetite  and  a  eotutant  burmng  im  tkf  ttom- 
mck — Approximatt  recovery  under  treaiment  by  gcnrrai  faradiMOtion. 

Cask  CV'III. — The  case  of  Mr.  S.,  aged  31,  presented  sTmptomsof  the  old-fash< 

indicate  any  special  or  annoy- 


\  did  I 


I  variety  of  indigestion.     His  appeara 
kBi%  disease. 

K  year  previously  he  bQ;an  to  experioice  an  uneasy  feeling  in  the  epigastric  region 
after  eating  a  hearty  meal.  This  symptom  graduallj  became  more  aggravated,  until 
■it  was  a  source  of  serious  annoyance. 

He  had  been  advised  to  limit  himself  to  a  spare  diet,  and  had  attempted  to  regu- 
late the  quantity  and  quality  of  his  food.  In  tim  he  failed  on  account  of  anothei 
symptom,  which  before  had  escaped  his  observation.  We  refer  to  boulimia — in 
other  words,  a  voracious  appetite,  which  refused  to  be  controlled.  The  enormouf 
amount  of  food  which  he  devoured  at  every  meal  was  but  ftartially  digested.  A  con* 
siderable  portion  was  occasionally  vomited.  When  bis  meals  were  withheld  a  short 
time,  be  experienced  an  indescribable  "linking  "at  the  stomach,  impelling  him  to 
seiic  voraciously  on  articles  of  food.  He  complained  especially  of  a  constant  sen- 
sation of  heat,  or  a  burning  pain  in  the  eptgastrium,  which  was  a^ravated  by  tlie 
ingestion  of  food.  We  ascribed  this  symptom  to  an  excessive  vascular  irritation  of 
the  mucous  membrane  of  the  stomach. 

An  unequal  circulation  was  manifested  by  cold  extremities  during  the  day,  and  hot 
feet  at  nigh:.  / 

Derangement  of  the  hepatic  fanction  was  evident  by  the  light  clay-coloreil  stools, 
while  the  urine  was  invariably  almost  colorless.  The  patient  was  accustomed  to  the 
habitual  use  of  alcoholic  stimulants,  but  never  to  the  point  of  intoxication.  He  had 
used  strong  coffee  and  tea  to  excels,  but  had  for  some  months  abstained  from  them 
altogether.  The  faradtc  current  was  acutely  felt  over  the  stomaclu  Over  the  body 
generally,  however,  he  bore  a  current  of  more  than  ordinary  intensity.  Three  appli- 
cations given  in  the  course  of  a  week  appreciably  lessened  the  irritation  of  the  dis- 
eased organ.  This  effect  was  evinced  by  a  decrease  in  the  burning  sensation,  which 
was  mentioned  as  a  disagreeable  and  marked  symptom.  The  vomiting  was  efifectu- 
ally  controlled  after  two  weeks  of  treatment.  Twenty  applications  administered 
during  a  period  of  two  months  resulted  in  an  approximate  cure. 

The  voracious  appetite  was  in  a  great  measure  subdued,  and  it  was  onty  after  some 
indiscretion  in  diet  that  any  of  the  old  local  symptoms  retomed  suftciently  to  aunojf 
Che  patient. 

A  ease  of  indigestion  and  excessive  vomiting  associated  with  anastfusia  and  weak' 
ncu  of  right  tide — Approximate  recovery  of  indigestion^  etc. ,  under  galvtutiustion 
of  the  sympathetic^  pneumogajtric^  and  relief  of  the  amtttketia  mndtr  gencrni 
faradiaation. 

Case  CIX.— Mi«  C,  aged  23,  came  to  us m  October,  i87<\  with  the  following 
hbtory :  She  suffered  during  childhood  for  levenl  yean  {rom  chore*  of  the  right 
iide;  which  at  the  age  of  twelve  entirely  disappeared. 
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She  then  enjojed  bit  bealth  nntO  the  age  of  21  years  wImb  a  rmMtitm  of  i 
tion  supcrreoed  that  «ras  fearfol  in  its  effects.     HanUy  OfCUac  odd  be  1 

opon  her  stomach,  and  during  the  winter  she  wasted  aioKMC  to  »  1 
life  was  deipaired  oi     Under  galvanization  of  tbe  tjfnipathetic  nd  1 
her  dyspeptic  symptoms  improved^  and  the  Tomidng  became  dcciifaifly  I 
rwo  months  of  tlm  treatment,  &he  had  increased  in  weight  to  her  vanm 
tad  wbeu  we  la&t  saw  her,  she  was  able  to  retain  the  greater  portioa  of  Uie  I 
iogcsted.     Since  the  digestion  began  to  improve,  however,  the  left  side  of  tbe  1 
became  markedly  anmthetic,  cold,  and  greatly  deScient  in  strength.    The 
vide  was  slightly  affected.     General  faradization  repeated  six  or  eight  times  i 
completely  relieved  these  symptoms. 

Dyt^ftia  0/  many  yeari  standing— Great  improvement  under  general  fa^ 
tion,  and  increate  in  waght  of  thirty  pound*. 

Cas£  ex.  -  Mr.  T ,  a  bookseller,  aged  31,  stated  that  for  a  nambcr  of  yeaisH 

he  had  suffered  from  chronic  dyspepsia,  which  had  rendered  his  life  miserable.  He 
had  lost  much  in  flesh.  Ahhou;;h  5  ft.  8  in?,  in  height,  his  weight  was  bnt  about 
one  hundred  poanda.  He  complained  of  regurgitations  from  the  stomach  of  an  in- 
touely  sour  liquid,  andl  on  rising  in  the  morning  he  was  oftai  troubled  with  pyro8a.j 
Tympanitis  was  a  frc<.|uetJt  S)'mptom,  and  oftentimes  the  accumulation  of  gas  witi 
the  stomach  embarrassed  the  respiration  and  disturbed  the  action  of  the  heazt. 
Treatment  was  commenced  about  the  middle  of  October,  1866,  and  continued  f(>r 
four  weeks,  general  faradixalion  being  applied  three  times  each  week.  The  daily  re- 
pirgiutions,  the  tympanitis,  and  pyrosis  gradually  ceased  to  annoy  him ;  and  afte 
the  tenth  application,  he  informed  us  that  during  the  month  he  had  increased  in  ^ 
some  fifteen  pounds. 

About  the  beginning  of  January,  1867,  he  called  upon  us,  stating  that  his  health 
was  excellent,  and  that  his  total  increase  in  weight,  since  he  first  commenced  treat* 
ment  by  electricity,  was  some  thirty  pounds.    He  said  that  he  did  not  feel  that  his  di- 
gestive organs  were  as  strong  as  they  had  been  before  he  was  attacked  with  dya|]ep<i>  1 
na,  but  they  had  ceased  to  give  him  any  considerable  annoyance. 

Nervous  dyspepsia,  associated  with  periodical  attacks  of  headache  and  vomiting — Ap* 
proximate  recovery  and  rapid  inrrease  tn  weight  follow  general  farttditatiam 

Case  CXI. — A  young  man  consulted  us  in  the  fall  of  1866  for  a  persistent  fom 
of  nervous  dyspepsia. 

He  was  of  a  weak  nervous  organization,  and  presented  a  remarkably  an^ifnlf  and 
emaciated  appearance.  Every  month  or  six  weeks  he  was  prostrated  by  a  sevo*  91- 
tack  of  headache  and  vomiting,  from  the  effects  of  which  he  would  not  recover  fdr 
several  dayft  In  administering  a  general  application  of  the  faradic  current,  it  wat 
found  that  the  liver  was  relatively  the  most  sensitive  to  its  influence.  So  exhausting 
was  the  sensation  produced  by  the  electricity  in  this  organ,  that  very  decided  symp* 
toms  of  Ciiintncss  fallowed.  He  soon  rallied  from  its  effects,  and  when  he  visited  us 
two  days  subsequently  he  expressed  himself  as  having  experienced  very  marked  and 
grateful  relief.  At  each  sitting  he  was  able  to  bear  a  more  btecise  current  over  the 
iigcstive  organs  and  body  generally.  The  beneficial  effects  of  the  applications  were 
soon  manifest  by  a  more  natural  and  lively  appetite^  relief  of  constipation,  by  greatly 
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(BcreaKd  vigor  of  mind  and  body,  and  by  the  non-recurrence  of  his  usual  paroxysm 
of  headache  an<l  vomiting.  The  first  application  was  given  October  24,  and  the  fif- 
teenth and  la&t  in  the  early  part  of  December.  During  the  treatment  the  weight  of 
this  patient  increased  from  106  to  115. 


A  number  of  cases  in  which  nervous  dyspepsia  was  a  syraplom  will 
be  found  under  hysteria  and  allied  afifections,  neuralgia  and  paralysis. 

Constipation ^  Chronic  Diarrhtxa^  and  Jaundice. — Constipation^  asso* 
ciated  with  and  constituting  a  part  of  nervous  dyspepsia,  is,  like  dys- 
pepsia, disposed  to  yield  rapidly,  and  often  permanently,  to  electriza- 
tion. Next  to  insomnia,  it  is  the  symptom  ftrst  to  yield,  after  general 
faradization  is  used,  even  though  there  may  be  subsequent  relapse. 
Very  many  of  the  cases  related  under  dyspepsia,  hypochondriasis,  hys- 
teria, and  nervous  exhaustion,  were  to  a  greater  or  less  extent  troubled 
ivith  constipation,  even  when  this  symptom  was  not  specified ;  and  in 
the  majority  of  cases  there  was  important  relief. 

The  relief  is  sometimes  merely  temporary  ;  relapses  are  most  likely 
to  occur  in  those  cases  that  are  of  a  hereditary,  or  at  least  life-long 
character. 

It  not  unfrequently  happens  that  a  strong  application  is  followed  the 
next  or  even  the  same  day  by  a  freer  alvine  discharge  than  usual 
Constipation,  much  more  frequently  than  is  supposed,  depends  00  an 
irritable,  exhausted,  or  congested  condition  of  the  spinal  cord.  That 
myelitis  and  the  more  serious  lesions  of  the  spinal  cord  are  accompa- 
nied by  a  deranged  condition  of  the  bowels,  either  constipation  or 
diarrhoea,  is  fully  recognized ;  it  is  not,  however,  so  well  understood 
that  spinal  irritation^  even  in  its  milder  degrees,  may  have  constipation 
for  one  of  its  symptoms,  and  that  this  symptom  will  disappear  with  the 
removal  of  the  cause,  by  treatment  directed  to  the  spine.  For  those 
cases  that  result  from  incurable  disease  of  the  brain  or  spinal  cord  only 
temporary  relief  can  be  obtained.  In  such  cases  relapse  usually  occurs 
as  soon  as  the  treatment  is  discontinued.  Very  obstinate  and  life-long 
cases  of  constipation  sometimes  are  not  benefited  by  any  form  of 
electrical  treatment. 

Electrization  may  be  said  to  relieve  constipation  in  several  dififerent 
ways : — 

\,  By  its  general  tonic  effects  on  the  system  al  large,  on  the  same 
principle  that  it  relieves  nervous  dyspepsia. 

2.  By  its  tonic  effects  on  the  central  nervous  system,  and  especially 
on  the  spinal  cord.  On  account  of  the  fact  that  very  many  cases  of 
tonstipation  depend  on  a  morbid  condition  of  the  c  jrd,  special  attea 
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In  some  cases  of  very  obstinate  constipation  it  is  of  advantage  to 
localize  the  current  by  inUrtial  applications.  This  may  be  accom- 
plished by  means  of  a  rectal  electrode  (Figs.  ia6  and  107).  This  may 
either  be  non-insulated,  or  insulated  up  to  a  point  near  the  tip,  and 
may  be  double  or  single.  A  very  powerful  current  may  be  borne  in 
the  rectum  without  discomfort.  The  other  pole  may  be  applied  at 
different  points  over  the  abdomen. 

With  the  double  rectal  electrode^  as  with  double  electrodes  of  all 
lands  there  is  so  small  a  portion  of  the  body  interposed  that  die  resist- 
ance u  very  feeble  and  only  a  slight  current  will  be  borne. 


Ita.  1Q5. 

Keetal     Electrode— noo-lnali- 
tad  (Kidder). 


Fic.  io(5. 


Fig  107. 

Double  Rectal  Electrode 
(Galvmno-Faradic  MTg.  Co.) 


In  a  case  of  obstinate  constipation  following  parturition  we  tried 
in  succession  external  and  internal  faradization  and  external  and  in- 
ternal galvanization  with  strong  currents  without  effect 

Ileus  {/nva^ination).^A\th3LMS  reports  two  cases  where  powerful 
^adization  availed  to  cure  constipation  when  the  ordinary  reraediei 
fcad  been  tried  in  vain.     The   negative  pole  was  applied  to  the  spine. 


\9fammmtmttmik^  MamJtmf  m  m  imd */ tmAt  jmri^  tmmati ly  t 
nU    Rmwmoy  mmdtrttm  gtmtrml fwmdhmtmmt     Jmcnmm  im  wmgkt. 

Cask  CXV.^J.  W.,  ^cd  iwciK  yon^  wn,  ■Mnjri  ky  a  oik 

«r  Che  bo««i^  wliek  kii  pOT^ted  far  anari  ■iiiii  ii  ifiifee  of  cMiy  fani  af 

■C  kid  boa  Krisd.    He  w»  of  *  ddjete  iiMlin^ia,  bt  itfl  thii 

«f  rfcrrhfffihehad  >t«y«^o7ed*eoodit>ui>i'  al  htritk.    Ha  naftber  <t- 

boiiier  to  cipoHue  ihii^a  coU,  dHip  dq^  «  %  dae  tthen  Us  sjrstca 

MB  a  fiitle  bcfav  pw  firaa  too  doae  ooiiiKiKitf  B  tfte  idbool-foav. 

A  vodente  BMHt  of  iBod  c—edao  «■«■!■  i.  bpt  Ui  pcav  of  i 
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was  considerably  impaired,  «s  shown  by  the  great  quantity  of  alic  C- 1  that  passed  hi* 
bowels  daily-  Ordinarily  he  had  five  or  six  evacuations  daring  the  twenty-four 
hotus ;  but  if  he  indulged  to  any  extent  in  athletic  exercises  the  symptoms  became 
more  urgent. 

On  one  occasion,  after  mdulging  for  an  honr  in  a  game  of  boll,  he  was  annoyed 
-daring  the  night  by  nearly  a  doicn  evacuations,  which  were  attended  with  consiiier- 
able  pain.  As  might  be  inferred,  this  constant  drain  upon  his  system  had  still  further 
■decreased  hb  limited  stock  of  vitality,  and  he  bad  lost  within  three  months  some 
twelve  pounds  in  weight. 

The  first  four  applications  worked  no  important  change  in  his  general  condition. 

After  the  fifth  visit  ihere  were  manifest  signs  of  improvement.  During  the  twenty- 
four  hours  following  he  was  compelled  to  evacuate  his  boweU  but  three  times, 
instead  or  five  or  six.  The  improvement  continued  after  each  subsequent  applica- 
tion, until  the  number  was  reduced  to  one  daily.  The  faeces  were  of  a  firm  consis- 
tency  and  unmixed  with  undige-^ted  food.  The  evacuations  caused  no  suffering,  and, 
caorc  than  all,  he  had  gained  nearly  ux  pounds  in  weight.  He  could  indulge  in  all 
the  ordinary  sports  of  his  school- fellows  without  any  evil  consequences  following. 

The  patient  was  under  treatment  nearly  a  month,  and  the  number  of  application! 
administered  was  ten. 


I 


Chronic  diarrhcea  xaitk  excessive  pains  in  hcuk  and  abdomen — GretU  d^ility—Very 
great  im/rovement  /f'am  general /araJitoticn, 

Case  CXVI.— Miss  I.,  a  lady  30  years  of  age,  was  referred  to  us  by  Prof.  J.  T. 
Metcalfe,  Oct.  21,  1869,  to  be  treated  for  chronic  diarrhoea  of  four  years'  standing, 
alternated  with  some  anaemia  and  muscular  weakness.  The  discharges,  sometimes 
several  daily,  were  fiefiuently  followeil  by  severe  j>ain.  Debility  was  so  excesdve 
that  she  was  over-fatigued  by  a  walk  of  ■%  quarter  of  a  mile.  Her  appetite  was  capri- 
cious and  digestion  imperfect,  and  the  condition  of  her  bowels  made  necessary  con- 
stant caution.  The  patient  referred  her  difficulties  to  exhaustion  canoed  by  attend- 
ance on  an  invalid  sister. 

Electric  examination  revealed  a  marked  tenderness  over  the  transverse  colon,  which 
varied  at  different  times. 

The  patient  was  treated  by  general  faradization,  at  first  cautiously,  but  soon  as 
she  proved  able  to  bear  it,  with  greater  freedom,  by  intervals,  for  three  months,  the 
applications  being  made  every  other  day.  Improvement  b^an  early,  and  its  march 
was  continuous  and  mostly  uniform.  The  discharges  were  gradually  reduced  in  fire- 
^ency,  with  relief  of  the  accompanjnng  pain,  though  two  slight  relapse*  occurred 
from  imprudence  at  the  table.  The  excessive  pain  in  the  back  was  relieved  tempo- 
rarily with  each  application.  From  week  to  week  her  strength  improved,  and  at 
the  close  of  the  treatment  she  could  walk  two  miles  with  pleasure.  The  increase  in 
size  and  hardness  of  the  muscles  of  the  upper  and  lower  limbs  was  pal  table.  Occa- 
sional attacks  of  looseness  of  the  bowels  annoyed  her  even  then,  but  they  were  not 
accompanied  by  the  sever  s  pain,  and  were  quite  readily  checked  before  they  had  time 
to  impair  nutrition  or  reduce  the  system. 

A  letter  received  G'om  the  patient  in  September,  1869,  reported  that  in  the  main 
«be  had  retained  ilie  improvement  derived  from  tlie  treatment. 

In  this  case  very  strong  and  quite  protracted  appUcaticns  were  given,  and  witk 
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considerabk  thorouglme&  Only  the  faradic  current  was  emptoyed,  since  it  seemed  to 
meet  all  the  indications.  The  temporary  effects  of  general  iaradiation — relief  ^f 
pain,  with  a  feeling  of  warmih  and  exhilaration — were  strikingly  observed  after  each 
application. 

That  the  opposite  symptoms- — diarrhoea  and  constipation — are  treated 
succcs^utliy  by  electricity  need  surprise  no  one  who  thoroughly  com- 
prehends the  fact  that  electrical  treatment  improves  nutrition  and  so 
may  be  used  to  combat  any  diseases  that  depend  on  depraved  nutri- 
tion, whatever  the  symptoms  by  which  the  depraved  nutrition  manifest* 
itself. 


jaundice  with  debility  oftix  month/  standing — Rapid  recavtry  undtr  general  fmr^ 

aditation. 

Casb  CXVII.— Mr,  B.,  aged  28,  had  suffered  at  intervals  from  jaundice  associated 
with  excessive  phy^acol  prostration  for  nearly  six  months. 

His  bowels  were  olKtinately  constipated,  and  had  been  so  during  all  this  period  of 
bodily  derangement.  He  had  been  physicked  at  various  times,  and  roost  thoroughly 
by  calomel  podophyllin  and  other  cathartics,  and  had  been  constantly  under  the  infia* 
ence  jf  tonic  remedies.  These  efforts  had  resulted  only  in  temporary  relief,  and  at 
the  time  he  applied  to  us  for  treatment  the  patient's  appearance  was  typical  of  an 
aggravated  ca!>e  of  jaundice 

We  submitted  him  on  alternate  days  to  general  faradization  with  rapid  and  decided 
effect.  1'he  constipation  was  first  relieved,  and  then  followed  an  increase  of  appetite  \ 
at  the  same  time  his  skin  became  dearer,  and  he  increased  both  in  strength  aiui 
weight. 

The  result  was  complete  recovery  within  a  month. 

(For  Gastralgia  see  chapter  on  Neuralgia.) 

Regurgitation  and  Vomiting. — For  those  cases  of  vomiting  that  are 
of  an  obviously  nervous  character,  galvanization  of  the  sympathetic  and 
pneumogastric,  or  strong  faradization  through  the  stomach,  is  sometiraei 
of  important  service.  Successful  results  have  been  obtained  by  Peppei 
and  Bricheteau.  The  latter  treated  with  success  three  cases  of  vwnil- 
ing  of  pregnancy.  His  method  of  application  was  to  pkce  the  electrode* 
on  the  epigastrium  at  the  commencement,  middle^  and  dose  of  the 
meal. 

It  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  try  a  va- 
riety of  methods  :  galvanization  of  the  sympathetic  and  vagus,  and  of 
the  spine,  faradization  through  the  stomach  with  a  strong  stable  current, 
and  general  faradization. 

Dr.  F.  D.  Lente,  of  Cold  Spring,  informs  us  that  he  has  met  with  ex- 
cellent success  in  the  treatment  of  vomiting  by  faradization.  In  sooit 
cases  tlie  effects  are  immediate. 
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Flatulence. — Flatulence  is  a  symptom  of  disorder  of  the  digestive  or- 
gans that  very  readily  yields  to  electrical  treatment.  It  demands  the 
same  treatment  as  dyspepsia  and  constipation.  Those  very  frequent 
cases  that  depend  on  spinal  irritation  and  congestion,  and  on  hysteria, 
need  central  galvanization  or  general  faradization  ;  cases  that  depend 
on  an  attack  of  acute  indigestion  may  be  advantageously  treated  by  in- 
ternal applications,  one  pole  being  applied  to  the  rectum  by  the  rectal 
electrode,  and  the  other  to  the  spine  or  abdomen. 

Flatulence  was  a  symptom  in  very  many  0/  our  cases  of  dyspepsia, 
hysteria,  and  spinal  irritation,  and  almost  uniformly  it  temporarily  or 
permanently  yielded. 

Seasickness. — In  October,  1869,  Mr.  Le  Coniat,  a  French  surgeon, 
presented  a  method  of  treating  sea-sickness,  before  the  New  York  Med- 
ical Association.  Subsequently  a  detailed  account  of  the  method 
was  published  by  Dr.  Dwindle,*  who  had  experienced  the  good  effects 
of  the  treatment  on  his  own  person  in  a  passage  across  the  Atlantic. 

His  method  was  to  fiirst  apply  a  quantity  of  solution  of  atropine — one 
grain  to  the  ounce — to  the  epigastrium,  then  to  apply  a  flat  disk,  con- 
nected with  a  faradic  apparatus,  over  the  pyloric  extremity  of  the  stom- 
ach, while  a  moistened  sponge  connected  with  the  positive  pole  was 
passed  over  the  surface,  from  the  cardiac  to  the  pyloric  orifice. 

\'igorous  contractions  of  the  muscles  appeared  during  the  applica- 
cations,  which  were  followed  by  agreeable  repose. 

Le  Coniat  claims  to  cure  by  this  method  ninety  per  cent  of  his  cases. 

The  statements  made  by  Coniat  and  Dwindle  lose  much  of  their  sci- 
entific as  well  as  of  their  practical  value,  from  the  fact  that  the  atropine 
was  combined  with  the  faradization. 

There  is  little  doubt  that  the  passage  of  the  electric  currents  through 
the  body  facilitates  the  absorption  of  liquids,  placed  beneath  the  elec- 
trodes ;  moreover,  it  is  well  known  that  the  skin  is  capable  of  absorbing 
liquids  without  the  aid  of  the  electric  currents.  The  quenching  of  thirst 
by  bathing  is  a  very  familiar  illustration. 

Then  again,  atropine  is  a  remedy  so  powerful  that  yj^  or  even  ^^ 
of  a  grain  is  suffident  to  powerftilly  affect  the  nervous  system,  when  ad- 
ministered hypodermically.  Futhermore,  it  is  a  remedy  for  sea-sickness 
and  sick-headache,  as  has  been  shown  by  experiments  of  ourselves  and 
I  others  who  have  employed  hypodermic  injections  of  tliis  remedy  com- 
I  bined  with  morphine.  A  dose  containing  -^  of  a  grain  of  atropine 
I        and  I  of  a  grain  of  morphine  is  sufficient  in  certain  cases  to  relieve  th* 
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nausea  and  vomiting,  and  produce  sleep — ^the  same  effects  that  are  pro 
duced  by  the  operation  of  Le  Coniat 

From  all  these  considerations,  taken  in  connection  with  the  further 
consideration  that  seasickness  is  probably  not  a  disease  of  the  stomach 
alone,  but  of  the  central  nervous  system,  of  which  the  nausea  and  vomit- 
ing are  frequent  but  by  no  means  necessary  symptoms,  we  are  strongly 
inclined  to  the  belief  that  the  results  obtained  by  Le  Coniat*s  procedure 
could  have  been  obtained  with  much  less  difficulty  by  hypodermic  injec- 
tions of  atropine. 

The  true  way  to  settle  the  question  experimentally  would  be  to  treat 
a  large  number  of  patients  by  all  three  different  methods — some  by  the 
procedure  of  Le  Coniat,  others  by  the  same  method  without  the  atro- 
pine, and  others  by  hypodermic  injections  of  atropine. 

Electricity  must  be  proved  to  have  some  very  potent  influence  ovci 
sea-sickness,  in  order  to  persuade  patients  and  physicians  to  attempt  iti 
use  on  shipboard,  A  surgeon  in  the  United  States  Navy  reports  to  us 
that  be  has  had  good  results  in  the  treatment  of  sea-kickness  by  fJEuadi- 
tation. 
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The  diseases  of  the  female  sexual  organs  for  which  electricity  has 
been  proved  to  be  of  service  are  the  symptoms  of  amenorrhea,  dys- 
menorrhxa^  monorrhagia,  Ifucorrhvta,  chronic  pelvic  cellulitis^  uterine 
hyperplasia,  sub-  and  super-mvolution,  atrophy  of  the  uterus,  displace- 
ments  and  prolapsus^  ovarian  neuralgia  and  o^'aritis,  peri-uterine  ha- 
matocele,  stenosis  of  the  uterine  canal,  cystic  growths,  and  Jibroid  and 
ovarian  tumors. 

Treatment  of  Diseases  of  the  Uterus. — Local,  central,  and  general 
treatment  may  be  employed.  The  local  treatment  may  be  either  ex- 
ternal or  internal. 

External  Method. — Externally,  the  uterus  and  its  appendages  may 
be  electrized  by  placing  one  pole  with  firm  pressure  over  the  hypogas- 
tric region,  and  the  other  over  the  lumbar  region  of  the  spine. 

This  method  is  sometimes  as  effective  as  internal  applications,  and, 
in  virgins  at  least,  should  always  be  tried  at  first.  In  this  method 
benefit  is  derived  partly  from  the  effect  of  the  current  on  the  lower  part 
of  the  spinal  cord  and  the  abdominal  ganglia  of  the  sympathetic. 

Internal  Method.  — Electric  currents  may  be  localized  in  the  female 
organs  of  generation  in  a  variety  of  ways.  One  pole  may  be  applied 
to  the  OS  by  means  of  an  insulated  electrode  with  a  metallic  bulb 
(Fig.  109),  while  the  other,  with  a  broad  electrode,  is  applied  to  theback, 
or  on  the  hyix)gastric  region,  or  over  one  of  the  ovaries.  Instead  of  a 
metallic  bulb  the  uterine  electrode  may  be  composed  of  branches  to 
clasp  the  cervix.  A  much  stronger  current  can  be  borne  at  the  cerviic 
than  would  be  supposed. 

A  method  of  faradizing  the  uterus  is  represented  in  the  accompanying 
cut  (Fig.  108). 

For  inti.x.utcrinc  faradisation  we  have  devised  an  infra-uterine  elec- 
trode which  is  represented  in  the  cut.  The  basis  of  the  instroment  is 
similar  to  Siros's  sound.  This  is  insulated  with  varnish  up  to  within 
54 
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three  inches  of  the  extremity  ;  the  handle  is  of  hard  rubber,  and  is  pro- 
vided  with  a  hole  and  screw  for  fastening  the  connecting  wire  of  the 
apparatus,  and  a  button  connected  with  a  spring,  by  means  of  which  the 
connection  of  the  current  can  be  made  or  broken  at  pleasure.  The 
manifest  advantages  of  the  intcrmpter,  which  is  sitnEar  to  that  of  the 
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Fig.  jo8. 

Faradization  of  the  Uterus.— One  of  the  poles  is  connected  with  a  bifurcated 
electrode,  one  branch  of  which  is  placed  on  the  lumbar,  and  the  other  on  the 
hypc^astric  region.  The  other  pole  is  applied  in  the  cervix  (or  at  the  os)  by  an 
insulated  uterine  electrode.  (The  normal  position  of  the  uteru«  is  after  Wieland 
and  Dubrisay.) 


universal  electrode  holder  (FJg.  no),  is  that  it  dispenses  with  the 
necessity  of  waiting  until  the  instrument  is  in  situ  before  connecting 
it  with  the  apparatus,  and  that  it  makes  it  convenient  to  give  rapid 
interruptions  and  to  instantaneously  suspend  the  treatment  when  re- 
quired. 

When  properly  curved,  this  electrode  may  be  used  for  the  larynx. 

Fig.  1 1 1  represents  a  double  intra-uterine  electrode  which  allows  one 
pole  to  act  on  the  uterine  canal  and  the  other  on  the  os  externum. 


I 


The  odKT  pole 

tiieback  a 


^  be  s|i|pBed  to 

bf  me«Bs  oi  a, 

or  phtr  covered 


Fkb.n> 


tsoik^ 


Setwmdfy  Imiermmi  tireirnaimm  it 
imt  s»  p^i^ml  •s  o^inmL  PkMrexfiil 
OBKOMs  can  be  barae  at  the  oenrir  and 
in  the  ntems  for  a  loog  time  with* 
Fyjeats  asaaDy  cooiplain  aore  ol  the  psta  be- 
neath the  electrode  which  is  applied  oo  the  back  or  abdoneo,  even 
when  the  aegathre,  which  is  the  auuufu  and  more  paxafal,  is  applied 
ioternallj* 

Tiipier,*  who  has  caie^dlj  studied  the  subject  oflocalixed  faradixaiioa 

of  the  Qtenis,is  accimomed  Co  place  oae  pole  in  the  bbdder  by  aiea&t 

ci  a  vesical  inanlated  electrode,  or  in  die  rectsm  br  a  lecfal  dediade. 

In  some  cases  he  connects  ooe  of  the  poles  with  a  faiforcated  eiec> 

trode,  a  branch  of  whi^  hs  placed  on  each  iliac  rqjioo,  wbQe  the  ncgap 

tire  pole  is  connected  with  an  insolatcd  rectal  electrode  iq  the  recttmu 

F^urikijf — Either  current  may  he  uud.     The  galranic  as  weH  as  the 

fiaradic  current  tnay  be  localired  in  the  ntcfus,  and  soaaetiBes  it  is  noch 

more  effective.     The  danger  that  the  chemical  action  of  the  gahranic 

current  will  injure  the  lining  merobraoe  of  the  uterus  b  but  slight,  pco- 
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vided  too  strong  currents  are  not  used,  or  the  pole  is  not  allowed  lo 
lest  a  long  time  witliout  breaking  the  circuit. 

In  ail  thtse  methods  of  applicatton  cither  direction  of  the  current  may 
be  used.  (See  p.  228.)  In  the  treatment  of  uterine  congestion  and 
engorgement,  the  positive  pole  is  slightly  preferable  to  the  negative 
pole,  lor  the  reason  that  it  has  more  powerful  contracting  intiucnce  on 
involuntary  muscular  fibres. 

The  vagina  may  be  treated  by  a  roetalUc  vaginal  electrode  (Fig.  1 14), 
with  which  either  the  positive  or  negative  pole  may  be  connected.  This 
is  useful  in  vaginal  ieucorrhcca  zx\i\  prolapsus. 

For  these  local  applications  either  the  galvanic  or  faradic  currents 
may  be  used  ;  the  faradic  is  preferable  in  those  cases  where  mechanual 
Kiore  than  cheti^ical  effects  are  indicated.  Especially  is  this  the  case  in 
amenorrhoea.  Furthermore,  the  currents  may  be  stable  or  labile,  uni- 
form or  increasing,  according  to  the  indications.  Local  applications  to 
the  uterus,  whether  external  or  internal,  may  be  continued 
for  from  five  to  fifteen  minutes.  Several  methods  may  be 
tried  at  each  sitting. 

General  and  Central  Treatment, — But  very  many,  per- 
haps the  majority  of  cases  of  functional  disease  of  these 
organs,  require  general  as  well  as  localized  electrization. 
There  is  no  department  in  which  so  many  mistakes  have 
been  made  by  too  exclusively  local  treatment  as  in  that  of 
gynaecology.  No  case  of  functional  disturbance  of  the  uterus 
should  be  abandoned  by  the  electro-therapeutist  until  he  has 
faithfully  tried  general  as  well  as  external  and  internal 
localized  electrization.  To  treat  symptoms  of  central  or 
constitutional  disturbance  by  merely  local  electiizalion  is 
illogical  in  theory  and  unsatisfactory  in  practice.  AH  the 
organs  of  generation  in  woman  as  well  as  in  man  can  be 
affected  by  galvanization  or  even  faradization  along  the 
spine.  A  strong  evidence  of  the  beneficial  results  of  gen- 
eral faradization  in  these  cases  is  the  fact  that  patients  un- 
dergoing  treatment  frequently  remark  that  their  menses  are 
in  some  way  affected.  In  some  cases  they  are  brought  on 
before  their  lime,  in  others  much  increased  in  quantity.  So 
frequently  does  this  happen  that  we  prefer  on  the  whole  to  suspend  the 
treatment  during  the  menstrual  periods  in  those  cases  where  no  thera- 
|)eutical  effect  is  desired  on  ihe  sexual  organs. 

The  time  of  making  the  applications  is  not  unimportant.  It  is  ao 
advantage,  in  amenorrhoea  at  least,  to  concentrate  as  many  applica^ 
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tions  as  possible  dorbg  the  few  days  Utat  precede  the  appearance  of  the 
menses.  And  jet  the  advantage  of  this  is  hardly  as  great  as  has  been 
supposed.  The  great  thing  in  all  but  recent  and  tcmporar-  xase.«  is  to 
remove  the  anaemia  or  chlorosis^  or  nenrou^  exhaustion  with  which  the 
menstrual  disorder  is  associated,  and  of  which  it  is  a  prominent  factor. 
Another  suggestive  consideration  is  that  the  menstrual  flow  may  be 
brought  on  or  increased  through  rt^^.x  a^/wm  hj  localized  electrization 
of  other  and  distant  portions  of  the  body»  as  the  hands,  feet,  chest,  etc. 

Treatment  of  tht  Uterus  by  the  Galvunic  CttrreiU. — As  in  the  tise  of 
the  f^radic  current  the  local  treatment  may  be  both  external  and  in* 
temal,  together  with  the  central  method  (central  galvanization),  which 
15  to  the  galvanic  what  the  general  method  (general  faradization)  is  to 
the  faradic  current 

To  Apostoli,  of  Paris,  belongs  the  credit  of  boldly  overstepping  the 
bounds  thought  to  be  safe  in  treating  the  uterus  and  its  appendages  by 
the  galvanic  current  and  using  currents  of  great  power.  Hitherto,  one 
important  defect  in  the  treatment  of  various  uterine  diseases,  and 
especially  morbid  growths,  has  been  the  use  of  too  weak  currents. 
This  has  been  due  partially  perhaps  to  a  commendable  caution  in  deal- 
ing with  an  agent  so  potent  as  electricity,  but  more,  to  our  tack  of 
definite  knowledge  of  the  amount  of  current  strength  needed  to  ac- 
complish certain  ends,  and  our  inabilit}'  to  readily  command  more  than 
a  certain  limited  working  power  from  the  apparatus  in  ordinary  use. 
A  third  obstacle  was  the  absence  of  any  instrument  by  which  the  cur- 
rent could  be  accurately  measured,  and  this,  to  the  novice,  was  a  de- 
fect practically  insurmountable  in  his  efforts  for  anything  like  uniform 
results. 

The  improved  milliamperemeter  (Fig,  82)  has  overcome  thb  diffi- 
culty, and  is  indispensable  in  all  electro-surgical  operations,  besides 
being  a  vast  aid  in  all  electricad  applications.  Instead  of  a  strength  ci 
current  equal  to  only  ten  to  thirty  milliamperes,  which  was  commonly 
used,  and  which  indeed  was  all  that  could  be  obtained  from  the  appli- 
ances in  use,  it  is  now  no  uncommon  thing  to  use  currents  even  of 
several  hundred  degrees  of  strength.  For  this  purpose  the  external 
electrode  must  not  only  be  material  of  the  best  conduction  possible, 
but  of  suitable  size  and  sufficiently  flexible  to  be  perfectly  adjusted  to 
every  inequality  of  surface  which  it  covers.  The  strength  of  current 
from  a  given  number  of  cells  is  directly  in  proportion  to  the  size  of  the 
electrodes.  Thus,  if  from  a  series  of  cells,  fifty  in  number,  we  obtain, 
when  the  current  is  passed  through  electrodes  of  a  certain  si2c,  a 
strength  of  fifty  milliamperes,  electrodes  of  similar  pattern,  but  double 
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the  size  will  yield  a  current  strength  of  one  hundred  milli amperes. 
As  to  the  quality  of  the  electrodes — sponges  are  too  bulky  and  offer 
loo  great  resistance  when  our  object  is  strength  of  cwrrenr. 

As  a  substitute,  Apostoli  uses  sculptors'  clay  held  in  i)lace  by  gau^e. 
This  material  holds  moisture  fairly  well,  can  be  adapted  closely  to  the 
skin,  and  is  undoubtedly  an  admirable  electrode.  The  electrodes  that 
1  ordinarily  use,  however,  for  purposes  of  local  application,  consist  of 
layers  of  absorbent  cotton  spread  smoothly  over  llexible  metal  backs 
of  varying  size. 

The  material  is  easily  obtained,  and  so  inexpensive  as  to  warrant  a 
fresh  supply  for  every  patient.  In  ail  this,  reference  is,  of  course,  made 
to  the  external  electrode,  which  in  the  treatment  of  the  uterus  and  its 
appendages  is  usually  placed  upon  the  abdomen. 

The  ihtemat  electrodes  consist  mainly  of  a  small  metal  bulb  attached 
to  a  long  insulated  stem  (as  in  Fig.  109),  for  applications  to  such  por- 
tions of  the  uterus  as  can  be  reached  per  vagi  nam,  of  a  metal  probe- 
electrode  for  inlra-iitertne  applications  as  in  Fig,  no,  and  needles  of 
varying  sizes  for  electro-puncture.  It  should  ever  be  borne  in  mind 
that  when  the  [jositive  pole  is  applied  to  the  interior  of  the  uterus  the 
metal  u^d  should  be  of  some  non-oxidizable  metal,  such  as  platinum 
or  gold. 

Amtnorrhata. — \n  its  relations  to  those  three  cardinal  symptdms  of 
deranged  menstruation,  ainenorrhoea,  dysmenorrhuja,  and  menorrhagia, 
electricity  was  as  capricious  and  paradoxical  as  it  sometimes  proved 
to  be  in  its  application  to  certain  nervous  derangements. 

It  would  excite  the  menstrual  flow  when  absent,  decrease  it  when 
profuse,  and  temporarily  and  sometimes  permanently  relieve  the  pain 
that  might  be  attendant  upon  these  conditions,  and  then  again  in  other 
cases  would  fail  utterly  to  accomplish  what  previous  experience  had 
given  us  every  reason  to  expect  Its  action  was  a  seeming  paradox, 
in  that  it  relieved  diametrically  opposite  conditions,  and  was  capricious 
because  at  one  time  it  would  relieve,  and  at  another  fail  to  do  so. 

As  a  matter  of  fact,  however,  the  remedy  is  neither  capricious  nor 
paradoxical  in  its  action. 

It  works  in  accordance  with  certain  fixed  laws,  and  its  chemical  ac- 
tivity is  under  such  perfect  control  that  it  will  perform  for  us  the  exact 
measure  of  work  desired,  so  that  now,  with  our  better  knowledge  of  its 
physics  and  its  physiology,  and  by  the  aid  of  correct  current  measure- 
ments and  electrodes  properly  adapted,  it  is  possible  to  obtain  far  bet- 
ter  results  in  the  future  than  in  the  past.  The  seemingly  capricious 
action  of  electricity  then,  in  conditions  of  disordered  menstruation,  is 


in  great  measure  due  lo  our  imperfect  knowledge  of  the  various  factors 
that  go  to  make  up  these  morbid  states,  and  as  increasing  knowledge 
enables  us  to  &t  more  accurately  the  remedy  to  the. disease,  so  shall  we 
with  greater  certainly  be  able  to  diffsrentiate  between  those  menstrual  de- 
rangements which  can,  and  those  which  cannot,  be  cured  by  electriciiy. 

In  amenorrhoea  electricity  is  more  especially  indicated  in  those 
cases  that  are  dependent  on  some  constitfitional  cause  associated  with 
chlorosis,  and  upon  imperfect  development  or  atrophy  of  the  organs 
of  generation.  It  h  needless  for  me  lo  say  that  m  chlorosis  and 
anaemia,  aracnorrhcjea  is  the  natural  condition,  and  efforts  to  force  the 
menses  by  any  form  of  local  treatment  would  be  entirely  out  of  place. 
On  the  contrary,  it  is,  I  believe,  understood  that  when  menstruation 
persists,  along  with  a  decided  anaemic  condition,  the  hning  membrane 
of  the  uterus  may  itself  be  diseased,  and  call  for  local  treatment  for 
the  purpose  of  stopping  the  flow.  It  is  in  amenorrhoea,  existing  as  a 
symptom  of  anaemia  that  electricity,  through  general  and  not  local 
methods  of  application,  is  especially  indicated.  It  is  not  to  be  used 
to  the  exclusion  of  iron  and  other  tonics,  but  in  conjunction  with  them. 
Treated  in  this  way,  cases  of  long-standing  anemia,  with  their  asso- 
ciated symptom,  amenorriicea^  will  recover  far  more  rapidly  than  when 
internal  medication  alone  is  relied  upon.  Great  mistakes  are  com- 
mitted'in  the  treatment  by  electricity  of  amenorrhoea  associated  with 
auiemia,  in  applying  the  galvanic  current  directly  lo  ihe  uterus. 

LocaUzed  galvanization  is  not  indicated  in  these  cases  ;  on  the  con- 
trary, as  I  have  had  abundant  occasion  to  observe,  it  lends  lo  induce 
a  condition  of  nervous  irritation  that  is  exceedingly  unpleasant.  It  is 
in  these  conditions  of  amenorihcea,  when  the  patient  is  weak  and 
anaemic,  with  perhaps  other  indications  of  constimtional  disturbance, 
that  the  faradic  current  is  strongly  indicated  over  the  galvanic. 

On  the  other  hand,  in  those  cases  of  amenorrhcea  where  the  patients 
are  robust  and  of  full  habit,  galvanism  ij  likely  to  be  of  far  greater 
service  than  either  the  faradic  current  or  Franklinic  electricity. 

Another  well-recognized  cause  of  amenorrhoea  is  atrophy^  as  well  as 
arrested  deveJopmenl  of  the  uterus.  The  well-known  power  of  elec- 
tricity to  variously  modify  nutrilion  would  indicate  its  use  in  these 
conditions  ;  practically,  I  have  found  it  to  be  efficacious  in  several 
cases,  and  see  no  reason  why  it  should  not  always  be  of  more  or  less 
service.  In  super-invohition  also  it  may  be  tried  with  expectation  of 
success,  provided  there  is  evidence  of  active  ovulation. 

If  there  are  no  such  evidences  the  probabilities  are  that  neither 
electricity  nor  any  other  remedy  will  be  of  service. 
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Dr.  Fordyce  Barker  has  enumerated  the  follomng  symptoms,  at  or 
near  ihc  menstrual  period,  as  evidence  of  the  existence  of  ovulation  as- 
sociated with  super-involution :  intense  headache,  flushing  of  the  face 
and  congestion  of  the  eye,  pelvic  pain  and  sense  of  dragging,  wiih  nausea, 
vomiting,  etc.  It  is  interesting  to  note  that  in  the  single  case  of  super- 
involution  that  I  have  successfully  treated,  all  of  these  disturbing  symp- 
toms were  present,  and  all  disappeared  with  the  return  of  nienslruation. 

I  may  add  that  in  this  case  the  condition  followed  a  dangerous  and 
difficult  labor.  For  two  years  menstruation  had  appeared  but  once  or 
twice,  and  upon  measurement  the  uterus  was  found  to  be  but  one  and 
thiee-fourlhs  of  an  inch  in  lenglh. 

Dysmenorrhata. — Speaking  from  no  inconsiderable  experience  in  the 
treatment  of  the  disorders  of  menstruation,  I  confidently  assert  that 
the  greater  number  of  cases  of  dysn^enorrhoea,  taking  the  cases  as  we 
find  them  in  ordinary  practice,  can  be  very  much  relieved  by  electric- 
ity, and  many  of  them  permanently  cured.  Obstruction  to  the  free 
flow  of  blood  must  be  regarded  as  the  main  cause  of  painful  menstrua- 
tion, and  when  this  obstruction  is  due  to  mechanical  causes,  such  as 
stenosis,  (he  electrolytic  method  is  to  be  used. 

In  the  vast  majority  of  cases,  however,  while  there  may  be  often 
found  changes  in  the  lining  membrane  of  the  uterus,  there  yet  exists 
no  serious  structural  change  or  mechanical  obstruction.  Whatever 
the  condition  of  the  endometrium  which  fails  to  allow  the  free  tlow  of 
blood  into  the  cavity  of  the  uterus,  thus  causing  distention  and  press- 
ure, with  pain  of  greater  or  less  severity,  the  free  and  steady  flow  of 
the  galvanic  current  through  the  uterine  organs  is  most  efficacious  in 
relieving  this  congestion  and  preventing  pain. 

It  should  be  applied  just  before  menstruation,  and  repeated  every 
day,  if  necessary,  until  the  flow  appears.  In  those  cases  where  there 
is  usually  a  long  struggle  and  great  delay,  I  have  by  these  applications 
frequently  caused  the  menses  to  appear  promptly  on  time,  and  without 
the  slightest  suggestion  of  pain. 

The  faradic  current  will  occasionally  relieve  dysmenorrhoea,  but  for 
obvious  reasons  it  has  no  such  influence  over  the  condition  as  galvan- 
ism. Another  cause  of  dysmenorrhoea,  for  the  relief  of  which  I  have 
good  reason  to  place  great  faith  in  the  absorptive  action  of  the  gal- 
vanic current,  is  the  pressure  occasioned  by  the  exudations  following 
attacks  of  pelvic  cellulitis.  In  these  cases  the  treatment  must  often 
be  prolonged,  and  months  may  be  consumed  in  the  efforts  to  dissolve 
the  products  of  exudation,  but  the  results  that  follow  more  than  com- 
pensate for  the  time  and  trouble  expended. 
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Menorrhagia, — ^The  medical  use  of  elecLricily  has  no  such  influence 
over  excessive  as  it  has  over  painful  menstruation,  although  electro- 
lytic treatment  where  uterine  fibroids  or  poly^ji  are  the  causes  not  in- 
frequently effects  most  marvellous  changes.  I  have,  however,  met  ser- 
eral  cases  of  menorrhagia  occurring  toward  the  decline  of  sexual 
activity,  where  simple  external  applications  by  the  method  of  general 
faradization  have  proven  most  effective  measures  of  relief.  These 
cases  are  generally  associated  with  constipation,  torpidity  of  the  liver, 
and  often  with  nervous  exhauslion,  and  the  indications  are  excellently 
met  by  the  powerful  constitutional  effects  of  this  most  valuable  method 
of  treatment. 

When  discussing  the  subject  of  electricity  my  inclination  is  always 
to  dwell  upon  and  emphasize  the  importance  of  general  fa  rail  ix  a  lion. 

For  twenty  years  it  has  been  an  indispensable  part  of  my  praciice, 
and  the  enunciation  that  I  then  and  have  since  made  of  its  range  of 
usefulness,  I  see  no  reason  now  to  change.  It  is  an  old  story,  and  I 
wili  not  further  dwell  upon  it,  but  would  urge  everyone  who  uses  elec- 
tricity at  all  to  make  himself  familiar  with  the  rational  modus  operandi 
and  effects  of  general  faradization. 

Chronic  Pelvic  Cellulitis. — In  the  sequelae  of  pelvic  cellulitis  the 
application  of  the  galvanic  current  is  often  followed  by  the  most  satis- 
factory results.  For  the  absorption  of  old  exudations  in  other  parts  of 
the  body  this  form  of  electricity  has  long  been  known  to  be  most  effi- 
Cftcious,  but  only  within  a  comparatively  recent  period  has  it  been 
tested  in  the  thickening  .and  infiltration  resulting  from  intlammation  of 
the  pelvic  cellular  tissue.  The  negative  pole,  consisting  of  a  metal 
ball,  or,  in  some  cases,  better  still,  of  a  concave  metal  clasp,  is  to  be 
used  internally,  and  directly  to  the  part  affected,  while  the  positive  is 
applied  externally,  if  the  metal  electrode  is  applied  without  the  in- 
tervention of  a  sponge  or  chamois  covering,  care  should  be  taken  not 
(o  use  currents  sufhciently  strong  to  produce  eschars. 

This  mishap  may  occur  even  without  the  knowledge  of  the  patient 
&t  the  time,  and  in  the  beginning  it  is  safer  to  use  a  covered  elec- 
trode. 

This  treatment,  judiciously  and  |>crsistently  carried  out,  has  resulted 
not  only  in  the  absorption  of  large  pelvic  deposits,  but  in  the  cure  <A 
the  most  severe  and  obstinate  sciatica,  and  in  the  restoration  of  power 
to  paralyze<l  lin^bs.  In  such  cases  both  sciatica  and  fiaralysis  are 
caused  undoubtedly  by  pressure  of  the  exudations  a|x>n  the  pelvic  floor, 
and  can  be  relieved  only  through  the  dissipatioD  of  the  morbid  prod- 
ucts. 
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ChroHtc  pelvk  cellHlitii  productng  dysmenorrhaa,  mtHttrrhagia^  and  many  nervous 
symptoms — Absorption  of  the  exudation  and  reccfvery  under  the  gahmnic  current. 

Case  CXVIII. — Mrs.  K ,  aged  29,  was  married  at  the  age  of  22^  apd  had 

given  birth  to  three  children. 

Afler  the  birth  of  the  last,  three  years  ago,  she  suffered  from  several  mamnuiry  ab> 
sces&es,  and  also  from  an  attack  of  pelvic  cetlulilis. 

After  the  lapse  of  eighteen  nionth^^  her  menses  carae  on,  and  have  since  appeared  at 
irregular  intervals,  being  sometimes  scanty  and  sometimes  profuse,  and  always  at* 
tended  with  excesiire  pain.  A-Mde  from  thes«  local  symptoms  the  patient  wa»  far 
from  well,  complaining  of  an  army  of  symptoms,  nearly  all  referable  lo  the  nervous 
system. 

She  was  sleepless,  hysterical,  despondent,  and  was,  according  to  the  physician  un- 
der whose  care  she  had  been  for  the  previous  six  months,  and  who,  strange  to  say, 
had  never  made  an  internal  examination,  simply  "  neurasthenic. ' 

I  founti  an  enlarged  uterus,  and  indurations  almost  encircling  the  os  and  extending 
along  the  jielvic  floor.  Covering  the  internal  electrode  (negative  pole)  with  a  suffi- 
cient layer  of  absorbent  cotton,  I  app1ie<I  it  to  the  diseased  parts  placing  the  flat  ex- 
ternal electrode  (dimensions  four  by  six  inches)  over  Ihe  abdomen.  With  the  elec- 
trodes thus  in  position,  I  slowly  increased  the  strength  of  the  current  from  twenty  to 
fifty  milliamperes,  continuing  the  application  for  ten  minutes. 

This  she  bore  very  well,  so  that  from  time  to  time  the  strength  was  increased,  un- 
til, occasionally  for  a  very  brief  period,  she  would  receive  as  high  as  one  hundred  milli- 
ampere. 

This  patient  was  under  my  care  for  four  months,  and  received  some  forty-five  ap- 
plicatiorLs  similar  to  those  described.  After  the  administration  of  six  of  these  appli- 
cations  an  entirely  painless  menstruation  occurred,  and  every  menstruation  since  has 
been  of  the  same  character.  Not  only  has  the  dysmenorrh<x^a  been  subdued,  but  the 
courses  come  on  with  a  reasonable  degree  of  regularity,  and  are  nearly  normal  in  ap- 
pearance and  quantity.  The  exuilations  have  in  great  measure  disappeared  by  ab- 
sorption, and  pari  passu  the  constitutional  symptoms  improved. 


Fibroid  Tumors. — It  is  in  the  treatment  of  fibroid  tumors  of  the 
uterus  by  electrolysis  that  the  new  departure  in  regard  to  greatly  in> 
creased  strength  of  current  is  more  especially  applicable.  If  the  tumor 
is  in  a  position  to  be  readily  reached,  there  is  no  question  of  the  pro- 
priety of  resorting  to  electro-puncture,  nor  of  its  good  effects,  any 
more  than  there  is  of  the  results  that  may  follow  simple  local  galvaniza- 
tion. The  difference  between  the  two  is,  thai  local  galvanization  of 
the  tumor  is  a  slow  and  tedious  method,  occupying  months  to  accom- 
plish even  a  small  reduction,  while  electro-puncture  produces  far  greater 
etifects  in  a  much  shorter  space  of  time.  It  is  almost  incredible  how 
many  symptoms  sometimes  disappear  after  the  very  slightest  reduction 
in  the  size  of  a  fibroid  tumor,  or  of  an  enlarged  uterus,  or  of  the  prod- 
ucts of  inflammation,  and  for  this  reason  the  simpler,  safer,  and  less 
disagreeable  procedure  is  by  no  means  to  be  despised,  when  for  any 


540 


DISEASES  OF  WOMEN. 


reason  whatever  the  oilier  is  iiol  feasible.  I  have  seen  a  good  number 
of  cases,  where  iliffiicully  and  jjaiii  on  niiciurilion,  due  to  pressure  on 
the  neck  of  the  bladder,  rectal  difficulties  due  to  pressure  there,  d}  i- 
menorrhcea  and  menorrhagia,  together  with  other  pains,  and  impaiicd 
locotnolion,  have  been  either  cured,  or  greatly  alleviated  by  simple 
local  galvanization,  which  has  only  succeeded  in  dissipating  a  small 
fraction  of  the  supposed  cause  of  these  symptoms. 

Nor  will  electro-puncture,  as  a  rule,  entirely  dissipate  a  fibroid  tu- 
mor, although  it  will  reduce  it  far  more  than  the  simpler  method.  But 
if  it  will  not  entirely  dissipate  it,  it  will,  to  use  an  expressive  term,  so 
shrivel  k  that  it  becomes  quite  harmless,  and  the  patient  symptomatic- 
ally  cured. 

In  the  treatment  of  fibroid  tumors  then,  the  following  suggestions* 
may  prove  of  service.  The  first  requisite,  of  course,  is  an  apparatus 
with  a  sufficient  number  of  cells,  needles  for  introduction  into  the  tu- 
mor, an<l  a  proper  external  electrode.  The  second  requisite  is  a  milli- 
amperenveter,  with  a  registration  of  over  a  hundred,  and  at  the  same 
time,  if  possible,  one  that  does  not  oscillate  so  persistently  as  those  in 
common  use. 

Excepting  in  those  cases  where  the  object  is  to  control  haemorrhage, 
the  needles  sliould  be  attached  to  the  negative  pole,  while  the  positive 
pole,  for  application  over  the  abdomen,  should  consist  of  an  electrode 
similar  to  those  that  have  been  already  referred  to. 

Those  that  I  have  more  recendy  used  consist  of  a  flexible  roetal 
back,  five  inches  wide  by  eight  long,  and  covered  by  several  layers  of 
absorbent  cotton,  so  as  to  present  a  perfectly  smooth  and  even  sur- 
face. 

This  is  placed  upon  the  abdomen,  and  may  be  pressed  upon  and 
kept  in  position  by  the  hand  of  the  patient  herself,  if  no  assistant  is 
present.  The  needle  or  needles  are  now  introduced  into  the  tumor, 
and  the  current  gradually  increased  widiout  interruption,  until  the  re- 
quired strength  is  obtained. 

I  have  myself  never  used  more  than  a  hundred  and  fifty  milliam- 
]>eres,  although  Apostoli  and  some  others  have  used  currents  consider- 
ablv  higher  in  tension. 

The  duration  of  the  seance  maybe  from  five  to  ten  minutes,  and 
even  longer,  if  the  patient  bears  it  well.  Too  much  stress  cannot  be 
laid  upon  the  necessity  of  an  entire  absence  of  any  interruption  of  the 
current  during  the  treatment.  In  trivial  operations,  where  the  tension 
is  slight*  this  is  not  of  such  vital  importance,  but  in  the  treatotent  of 
condition  where  a  very  great  strength  of  current  is  necessary',  a  diock 
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ixrould  deciJedly  disturb  a  patient  of  even  strong  nerve,  and  inflict  seri- 
ous damage  on  many.  No  one  would  willingly  do  this,  but  there  are 
so  many  possible  dislmbmg  factors  to  the  steady  working  of  the  cur- 
rent, that  from  my  personal  knowledge  of  the  condition  in  which  phy- 
sicians too  frequently  keep  their  electrical  apparatus  and  appliance?, 
these  interruptions  are  liable  to  occur  at  any  moment,  and  when  least 
expected  or  desired.  It  is  to  be  doubted  whether  many  patients  would 
submit  themselves  to  a  second  trial  after  having  received  a  shock  from 
a  current  strength  of  one  hundred  milliamperes. 

Cast  of  a  fibroid  tumor  etstociated  with  dytmtnorrkara,  menorrkagia,  and  many 
turt/aus  sympttmti — Electro*  pHncture  with  currents  of  one  hundred  mtlliamperes 
greatly  reduces  the  groioth  end  practically  cures  t fie  menstrual  disturbances  and 
associated  constitutional  symptoms. 

Case  CXIX. — Mrs.  M ,  aged  29,  consulted  me,  May  ad  of  the  present  year,  for 

symptom.s  other  than  uterine.  She  suffered  a  gocnl  dcftl  from  neuralgia,  and  wa&  de- 
cidedly anxmic,  and  in  a  poor  condition  generally.  She  complained  of  lencorrhoea, 
and  an  irregular  »nd  unsatisfactory  mcnstrualion,  that  was  usually  atlended  with 
much  pain  and  an  excessive  flow.  She  incidentally  mentioned  that  she  had  a  tumor, 
but  supposed  nothing  could  be  done  for  it. 

I  examined  her  and  found  what  appeared  to  me  to  be  a  submucous  fibroid,  that 
had  dist«ode<i  the  uterus  to  a  considerable  degree.  I  first  introduced  into  the  vagina 
a  metal  electrode  properly  covired,  and  conccnlratetl  a  current  of  fifty  and  tinaJly  of 
seventy  five  milliamperes,  as  nearly  as  possilile  through  the  fil>roid  mass.  This  I  re- 
peated twice  a  week  for  a  month,  and  although  the  appreciable  diminution  in  size 
was  but  very  slight  indeed,  there  was  an  undoubted  improvement  in  the  character  of 
the  two  menstrual  ions  that  occurred  in  the  meantime. 

I  now  introduced  a  needle,  insulated  to  within  half  an  inch  of  the  point,  well  into 
the  tumor,  placing  the  broad  external  electrode  over  the  aljdomen.  The  neefile  was 
connected  with  the  negative  pole,  and  the  strength  of  current  gradually  increased  to 
fifty  milliamperes. 

One  week  subsequently  I  use<l  a  current  of  seventy-five,  increasing  it  at  the  third 
treatment  to  one  hundred  milliamperes.  At  intervals  of  a  week  I  made  four  more 
applications  similar  to  the  last,  with  the  result  of  so  reducing  the  size  of  the  tumor 
as  to  lead  roe  to  the  belief  that  it  was  not  more  than  one-half  its  original  sire.  I 
then  found  it  difficult  to  further  use  the  needles,  and  for  two  months  more  resorted 
every  few  days  to  applications  such  as  were  first  attempted.  This  patient  may  now 
lie  considcre<l  well  so  far  as  her  symptoms  are  concerned.  The  tumor  has  by  no 
means  entirely  disappeared,  but  she  suffers  no  more  either  from  dysmcnorrhwa  or 
mcnorrhagia,  and  can  freely  engage  in  exercise  and  manual  labor,  almost  equal  to  her 
best  daysL 

Peri-uterine  Ifamalocele. — These  tumors  have  been  treated  success- 
fully by  Apostoli  by  means  of  the  chemical  caustic  action  of  the  nega- 
tive pole.  A  non-retractile  fistula  is  thus  made,  the  tendency  of  which 
is  to  remain  open  and  with  adhesioQS  between  the  pathological  cavity 
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and  the  external  mucous  membrane.  The  nutrition  of  these  pathologU 
cal  cavities  is  modified  by  the  electrolytic  action,  and  leads  to  rapid 
retrograde  metaniorphosis.  The  method  is  cjuick  in  its  action,  and  he 
claims  for  it  perfect  safety. 

Uterine  Hyperplasia.'^\x\  the  treatment  of  this  ordinarily  intractible 
condttioa  the  persistent  use  of  the  galvanic  current  accomplishes  much. 
Bath  intra-  and  extra-uterine  applications  may  be  used,  but  the  latter 
are  iiiiiie  as  efficient  as  the  former,  and  less  liable  to  produce  unpleas- 
ant effects.  %  applying  the  electrode  to  the  cervix,  and  as  closely  as 
possible  to  the  body  of  the  uterus,  without  entering  the  cavity,  we  do 
not  indeed  get  as  direct  ati  effect  as  by  intra-uterine  applications,  but 
this  disadvantage  is  more  than  balanced  by  the  far  greater  strength  of 
current  that  can  be  used.  Electrolysis,  however,  is  the  most  eflFective 
method.  One  or  two  needles  may  be  thrust  into  the  hardened  tissues 
parallel  to  the  canal,  and  a  current  of  from  fifty  to  seventy-five  milli- 
ampcres  used. 

Stenosis  of  the  Uterine  Canal. — In  stenosis  of  the  uterine  canal  the 
action  of  the  galvanic  current  is  juost  valuable,  and  in  many  cases  is 
sufficient  to  afford  complete  relief.  A  sound  of  the  proper  size  having 
been  introduced,  it  is  connected  with  the  negative  pole,  the  positive 
being  applied  to  the  abdomen, 

A  strength  of  from  fifty  to  seventy-five  milliamperes,  continued  for 
five  minutes,  will,  as  a  rule,  be  found  sufficient.  In  my  own  cases  the 
nusnber  of  applications  that  were  found  necessary  to  effect  a  perma- 
nent cure  ranged  from  six  to  twenty-five. 

Congestion,  Enlargements,  Diipinrements^  and  Atrophy  of  the  Uterus. 
— Tripier,  Beauvain,  Seiler,  Fano,  Beau,  and  ourselves  have  treated 
engorgements  and  flexions,  prolapsus  and  atrophy  of  the  uterus  by 
electricity.     Bath  I  he  galvanic  and  faradic  currents  are  employed. 

The  occasional  results  obtained  in  jirolapsus  uteri  are  to  be  ex- 
plained partly  by  the  chemical  and  mechanical  effects  of  the  current 
on  the  structure  of  the  uterus,  and  partly  by  its  tonic  effects  on  the 
ligaments  and  vaginal  walls. 

Treatment. — In  the  treatment  of  the  various  displacements  of  the 
uterus,  the  application  must,  of  course,  be  varied  with  the  morbid  con- 
dition. Special  rules  cannot  be  given  in  any  detail;  each  case  must 
be  studied  by  itself. 

According  to  Tripier,*  chronic  metritis  and  enlargement  of  the  uterus 
is  best  treated  by  applying  the  uterine  electrode  against  the  os,  and 


•Loc.  cit.,  p.  38  el  seq. 


ATROPHY   AND  DISPLACEMENTS   OF  THE   UTERUS.        54J 

connecling  the  other  pole  (bifurcated)  with  an  insulated  rectal  electrode 
in  ihe  rectum,  and  a  sponge  electrode  over  the  abdomen. 

Prolapsus  uteri  the  same  author  treats  by  applying  the  uterine  elec- 
trode against  the  os  and  connecting  the  other  pole  (bifurcated)  with 
two  sponge  electrodes,  one  on  each  groin. 

For  antevtrsion  and  antejlexion  he  introduces  the  negative  pole  into 
the  rectum,  where  it  can  act  more  powerfully  on  the  posterior  part  of 
the  uterus,  and  the  positive  in  the  vagina. 

For  retroversion  and  retroflexion  he  applies  the  positive  pole  in  the 
bladder  or  over  the  abdomen,  while  the  negative  is  applied  to  the  os 
by  the  uterine  electrode,  an  air-pessary  having  first  been  put  into  the 
Tectum  to  elevate  the  fundus. 

By  properly  insulating  the  electrode  the  current — faradic  or  galvanic 
— can  be  localized  in  any  restricted  portion  of  the  uterine  canal. 

The  treatment  may  be  regarded  as  an  important  adjuvant  in  all  re- 
bellious cases  of  engorgement  and  atrophy  of  the  uteius  or  of  its  ap^ 
pendages  and  of  uterine  displacement,  and  especially  of  those  that  are 
associated  with  general  debility.  The  contracting  influence  of  the 
electrical  currents  over  involuntary  muscle  is  a  strong  physiological 
argument  in  favor  of  the  use  of  this  remedy  in  uterine  engorgement 
(see  chapter  on  Involuntary  Muscles  in  Electro-Physiology). 

Tripicr*  details  thirty  cases  of  various  phases  and  complications  of 
uterine  disease  treated  by  locali/.ed  faradisation. 

Of  anteflexion  and  antn>ersion  four  cases  recovered,  two  were  im- 
proved, and  in  one  case  no  result  was  obtained. 

Of  retroversion  and  retroflexion  one  case  recovered,  one  was  im- 
proved, and  in  one  case  there  was  no  result. 

Of  engorgement  two  cases  recovered. 

Tripicr  further  observed  very  marked  effects  on  the  general  system, 
and  serere  symptoms  of  hysteria^  neuralgia,  and  nervousness  were 
greatly  ameliorated.  If  general  faradisation  and  central  galvanization 
had  been  employed  these  constitutional  cflTects  would  have  been  much 
more  marked. 

Irritation  and  Congestion  of  the  Ovaries. — Irritation  and  neuralgia 
of  the  ovaries  acconipanying  hysteria  are  treated  electrically  with  ad- 
vantage. Congestion  of  the  ovaries  is  also  similarly  treated  wth  ex- 
cellent result — at  least  for  the  relief  of  the  symptoms. 

Intra-Uterine  Galvanic  Pessaries. — ^The  attention  of  the  profession 
was  called  to  the  use  of  galvanic  intra-uterine  pessaries  by  Sir  J.  Y. 

•  AnnAles  de  I'Electro-Thrfrapic,  p.  203  ct  seq.     1S63. 
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Fig.  115. 

Intra-Utcnne 
Galvaoic  Pes- 
sary. 


Simpson,  The  inslrunient  which  he  employed  was  composed  of  a 
^jiece  of  zinc  and  a  piece  of  copper  fastened  together  into  a  shape  and 
size  suitable  for  entrance  into  the  uterine  cavity. 

As  thus  consiructed  the  instiument  was  stiff  and  unyielding,  and  was 
not  adapted  for  the  various  states  of  uterine  flexion.  This  form  ol 
pessary  ?raf.  T.  G.  Thomas*  has  greatly  modified  by  substituting  for 
the  single  pieces  alternate  beadi  of  zinc  and  copper,  which  are  ar- 
ranged oil  flexible  wire  inserted  in  a  rubber  bulb  (Fig.  1 15).  This  in- 
strument we  will  still  farther  improve  by  insulating  the 
wire  on  which  ihe  beads  of  zinc  and  copper  aie  strung, 
except  at  the  extremities,  where  it  makes  metallic  con- 
nection at  one  end  with  the  zinc,  and  at  the  other  with 
the  copper  bead,  thus  forming  a  miniature  voltaic  pile, 
with  a  completed  circuiL 

When  this  contrivance  is  closely  embraced  by  the  lining 
membrane  of  the  uterus,  and  thoroughly  moistened  by  the 
uterine  fluids,  a  feeble  current  is  unquestionably  generated. 
When,  therefore,  such  a  galvanic  pessary  is  m  situ  it 
is  probable  that  the  very  feeble  current,  as  it  passes  through  the  metal- 
lic beads,  may  traverse,  to  a  limited  extent,  the  folds  of  the  lining  mem- 
brane of  the  uterus,  which  presses  between  them.f 

Dr.  Thomas  assures  us  that  in  amenorrhcea  positive  therapeutical 
results  have  been  obtained  by  the  use  of  this  pessary  ;  but  is  unable  to 
say  whether  the  results  are  due  to  the  mechanical  effect  of  the  metals 
or  to  the  action  ol  the  current. 

Dr.  Peaslee  also  has  seen  favorable  results  from  the  use  of  the  same 
pessary. 

Dr.  Murray,  quoted  by  Althaus,!  has  used  Simpson's  intra-uterine 
galvanic  pessary  with  success  in  cases  of  sub-involution  of  the  uterus, 
where  the  os  is  open,  the  lips  thickened,  and  tlie  whole  organ  flabby 
with  excess  of  menstruation  and  disagreeable  discharge.  In  one 
marked  case  a  fortnight's  use  of  this  instrument  reduced  a  flabby  uterus 
"nearly  to  its  normal  and  healthy  condition.'* 

*  A  Practical  Treatise  on  the  Diseases  of  Womeiu     Second  edition,  p.  500. 
f  The  white  coagnla  that  are  obsep,re<t  after  the  application  of  this  pessary  arc 
caused  by  the  chemical  action  of  the  current  on  the  ihtra>uteruie  fiuids. 
top.  cit.,  p.  631. 
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DISEASES    OF   CHILDREN. 


Thi  diseases  of  children  in  which  electricity  has  been  founl  of  ser. 
▼ice  are  the  following : — ' 

Chorea,  Marasmus  and  General  Debility, 

Whooping-Cough,  Incontinence  of  Urine, 

Cholera  Infantunn,  Vomiting, 

Laryngismus  Stridulus,*  Infantile  Paralysis. 

Treatment. — Chorea  has  been  successfully  treated  by  a  variety  of 
methods  of  electrization— by  frictional  electricity,  peripheral  faradiza- 
tion,! *"*^  galvanization  of  the  spine,J  and  in  our  hands  general  faradir 
ration  and  central  galvanization.  Successful  results  have  been  gained 
by  all  these  methods.  We  have  found  general  faradization  and  central 
galvanization  alone  so  successful  in  cases  of  general  chorea,  that  we 
have  but  rarely  had  occasion  to  experiment  with  other  methods. 

Our  fuccess  with  getyral  faradization  in  chorea  is  probably  to  be 
accounted  for  partly  by  the  muscular  exercise  that  is  derived  from  this 
method  of  treatment,  as  well  as  by  the  tonic  action  of  the  current  on 
the  nervous  system.  Clioreic  patients  do  not  usually  bear  strong  cen- 
tral galvanization  or  protracted  sittings  ;  the  milder  influence  of  the 
faradic  current  is  preferable  to  the  galvanic,  unless  the  latter  is  used 
with  considerable  caution.  Benedikt  claims  to  have  been  uniformly 
successful  in  more  than  twenty  cases  of  chorea  by  galvanization  of  the 
spine.  He  used,  however,  but  a  small  number  of  elements,  and  the 
length  of  the  sittings  was  not  more  than  one  and  a  half  minutes.  Other 
observers  have  not  been  so  successful  with  this  methods  Meyer  reports 
unsatisfactory  results  with  galvanization  of  the  spine  in  two  or  three 
cases.  §  It  is  probable  that  the  success  of  Benedikt  with  galvanization 
of  the  spine  was  due  to  the  very  great  caution  which  he  exercised  in 
regard  to  the  strength  of  the  current  and  the  length  of  the  sittings,  aa 


•  This  affection  is  considered  under  Diseases  of  the  Larynx. 
f  Duchenne  and  Becquerd.  1  Benedikt  §  Op.  ciL    p.  ^U. 
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pEtfisofi  sCsded  with  pwtiuil  diorea.  src  ^it  to  dtiij  ^ 
and  )rears  bdbre  takiog  treatmcBt.  Recent  cases  we  have  iomnd  to 
yidd  almofC  umtondf.  All  loeg-ftaadmg  diofcic  cases  need  to  be 
trealed  penerena^f—ieom  one  to  several  montlis  bcuig  osoally  neoes- 
mry  to  conjplele  a  care.  In  some  cases  no  apparent  improvetnent 
takes  place  at  tlve  outset  of  electrical  trealment,  and  the  friends  of  the 
patient  beconse  discouraged ;  but  if  the  treatment  be  continued,  a  per- 
mar»ent  cure  may  be  obtained.  Symptomatic  chorea — dependent  on 
cerebral  or  cerebellar  disease — oflers  an  unfavorable  prognosis. 

Gfiura/  f Aorta,  wit  A  inaMity  tf  tAe  patient  to  walA,  f*ei  Aimttt/,  «r  dutimeti^ 

tfnak — Ree&uery  under  eentral  gaio&muUifn^  after  the  failmrt  0/  gettarml  fmr^ 

duaiion  and  medication. 

Cask  CXXX.-^Master  S.,  a  little  boy  mbtrnt  ten  years  old,  came  to  as  ihrai^ 
Dr.  J.  O.  Farringtcm, 

The  patient  ha;J  for  tome  time  suffered  from  general  chorea  of  a  decided  diancter, 
bill  /ttirini;  the  \%*X  few  weeks  it  had  x>  increased  in  sevoity  that  he  was  imable  to 
wii'k,  or  even  feci  hiroKlf.  All  his  cKtremities  as  well  as  the  face  were  in  oornstanl 
motion ;  hb  utterance  wai  indistinct,  and  in  weight  he  had  decreased  very  mnch. 
Thrre  wax  no  herwlitary  tendency  of  this  character  in  the  family,  uid  the  only  i 
In  wiitrh  the  aymptorn*  could  plaunbly  be  attributed  was  a  fall  from  a  borae, 
•Merely  jnrrrd  him.  frtme  weeka  before  the  disease  manifested  itselL 
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The  treatment  vras  varied.  Fowler's  so'.ution  and  certain  other  remedies,  which  we 
Ao  not  now  recall,  had  been  faithfully  tried,  but  without  oenefit.  We  began  witb 
mild  general  faradixation,  but,  as  the  results  did  not  accord  with  our  expectations,  w« 
abandoned  it  and  essayed  very  gentle  central  galvanization. 

Daring  the  lirst  week  of  this  trc&tment  no  appreciable  benefit  seemed  to  be  derived^ 
except  an  improvement  in  sleep. 

Soon  after  this,  however,  the  effect  observed  was  decided.  His  appetite  becanM 
better,  resulting  naturally  in  increased  weight ;  co-ordination  of  movement  rapidly 
became  possible,  the  utterance  distinct,  and  in  a  few  weeks  recovery  was  complete. 

Treatment  was  discontinueil  in  February,  1S71,  and  to  this  date  there  has  been  no 
evidence  of  a  return  of  the  diicase. 

Charts  of  tern  m«ttth£  ttaftdtng^  of  the  left  tide  and  right  arm,  in  a  girl  oftUven~^ 
Rtetvery  in  ten  weeks  under  central  galvanization. 

Cask  CXXXI.— M.  R.«  a  little  girl,  aged  eleven,  was  directed  to  us  by  Dr.  H.  H. 
Gr^ory«  of  Harlem.  Some  ten  months  before,  the  mothta'  first  observed  slight  cou- 
vuIstA'e  twitchings  of  the  left  hand,  which  gradually  increased  in  severity  until  in  a  few 
weeks  the  member  was  quite  useless.  In  two  or  three  months  the  left  leg  became 
choreic,  and  soon  after  the  disorder  extended  to  the  right  arm.  It  was  one  of  ll>ose 
cases  which  obstinately  resist  ordinary  internal  medication,  and  was  hence  considered 
a  fair  opjH»rtunJ«y  to  test  the  virtues  of  central  galvaniiation.  The  treatment  was 
given  every  other  day,  but  for  three  weeks  no  apparent  impression  was  made  upon 
the  disease. 

During  the  fourtli  week  the  symptoms  somewhat  abated,  and  from  this  time  fortb 
the  improvement  was  uninterrupted,  until,  in  ten  weeks  from  the  beginning  of  tbe 
treatment,  recovery  was  perfect. 

Ckoreii  disturbance  of  the  head  of  Jive  montki  duration — Retin/ery  under  less  than 
twelve  applications  of  general  faradizatioH, 
Case  CXXXU. — Minnie  V.,  aged  8  years,  had  been  affected  for  five  months  with 
severe  and  olitkust  constant  nervous  twitchings  of  the  head.  They  were  evidently  choreic 
in  character,  occurred  wntbout  the  consciousness  of  the  child,  and  during  sleep  were  en. 
tirely  wanting.  The  patient  was  somewhat  depressed  in  health  and  decidedly  anaemic, 
and  we  therefore  submitted  her  to  general  faradization.  Under  the  bfluence  of  leai 
than  a  dozen  ap>pHcations  slie  gained  in  appetite  and  strengcli.  The  choreic  distarl> 
soce  became  decidetUy  less  marked,  and  after  the  cessation  of  the  treatment,  for  tb« 
liurpooe  of  allowing  the  secondary  effects  to  be  manifested,  it  was  not  more  than  ten 
days  before  recovery  was  complete. 

Chorea  of  a  ytar's  duration — Improvement  during  treatment ^  and  rapid  recovery 

after  its  cessation. 
QtSM.  CXXXIII. — A  little  boy  of  a  delicate  organization  was  sent  to  us  by  Dr.  Geo. 
Peters.  The  diild  had  been  affected  with  general  choreic  movements  of  a  decided 
though  not  severe  character  for  a  little  more  than  a  year  The  mechanical  effects  of 
the  faradic  current  seeming  to  disagree  with  the  patient,  we  submitted  him  to  mild 
trances  of  central  galvanization.  Some  fifteen  applications  were  administered  during 
the  month  which  resulted  in  some  improvement.  At  this  stage  the  treatment  wai 
necoMU'ily  interrupted,  but  the  improvement  continued,  and  in  a  few  weeks  tW 
«iBCOftry  was  quite  complete. 
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In  ooc  a  few  cases  of  chorea  the  bene^'ai  effects  of  dectncal  treat 
ment  became  coaaifest — as  in  the  above — After  rrwtion  of  the  appKca 


Smtrti 


tgirt. 


90/mft — LeMs  tkoM  t 
mdtr  tern  gftrulfat 


I  Mr. 


Caa CXXXIV.-U  J,  »  pH  ■ 


t  yens  of  age,  w»«  broc^ht  for  treatn 


L  Scpccarixr«  t^tf^  Sbe  «as  pole  ami  * 


Id  tils  GkX  tite  mother  was 
pocked  Hnnetwkciuag  of  the  left  1 
nteaitcntiaB.    Tlwd 


her  gnnnk  ^   b 
ltd  to  aitribttte  ike 
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iakcnal,  and  afifficd  for  aiedkal 
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g^vek  pMfiiLiiTT  apgntioi 
ieac,  however,  tbd  theyt 
b  spite  of  pexaatott  mxenul  medicatioii,  tbe  want  of  power  to  co-ordiaase  ber  xiiove<- 
ments  grew  Miore  marfcrd,  and  the  ^nnptoms  e«t ended  to  her  tiatba  and  arssBS  of 
speech.  At  the  time  that  the  patient  cune  onder  o«ir  notice  the  cbarctc  movcneata 
were  qate  violent.  The  kft  ade  was  cooaderabty  more  afliBcCed  tbea  the  right,  aad 
her  artkokzioa  vis  » ihiThrim't  that  it  wus  impossible  for  a  HOMaiffx  to  andentawl 
wluit  she  said  We  foixod  no  difScoIty  in  ■ir*"T*''g  tiie  child  tn  •ohnit  lo  the  treat- 
■lent,  bat  the  invoisnury  agitatioo  of  the  lep  was  so  great  that  tt  WM  fband  i 
tary  to  hold  the  feet  apoa  tJhe  plate  to  which  tbe  negatiTe  pole  was  attached. 

The  current  was  wy  miiitinly  felt  over  tbe  stomach,  bot  sot  over  any 
portion  of  the  body.     It  may  be  remarked,  bowerer,  that  orcr  the  head  could  be 
borne  withont  £xomfbrt  a  cnrrent  much  more  intense  than  is  the  case  in  the  normal 

CODditiOD. 

The  &rst  and  second  applicatioas  resolLed  in  no  appreciable  change  in  ber  ^mp- 
toms :  but  at  the  foorth  visit,  abont  tcm  days  after  the  first,  a  peiueptible  improve- 
ment was  noticed.  As  b  ssoally  the  case  when  a  ^vorabte  resalt  follows  i 
method  of  treatraent,  the  diminution  of  tbe  choreic  movement  yn&jirst  moMi/ateii 
the  itmrer  limbs.     The  progresB  towards  recovery  was  very  rapid. 

At  the  fifth  visit  the  conld  retain  her  feet  upon  the  plate  by  her  own  t 
lABe  tbe  appUcatioo  was  being  made.  This  improvement  \aA  abo  extended  to  the 
■nm  and  £kc,  and  the  tenth  application,  administered  abont  a  month  after  the  firsts 
dfanpatcd  every  choreic  i^ymptom.  There  was  one  peculiar  and  well-marked  featttre, 
wUch  we  observed  tn  this  as  well  as  in  several  other  cases^  We  refer  to  the  in- 
tensity of  the  curroit  used  when  applications  were  made  to  the  besd.  .\s  the  disease  1 
advanced  toward  recovery,  such  applications  became  more  and  more  painfol,  fo  tha^ 
h  was  necesauy  to  gradnally  decrease  their  power. 


Ck«rea  of  /act  and  arms  in  a  bid  tmehte  yters  of  agt^  dependtnt  on  mentaJ  injlu- 
tmtt — Rteffvery  und^  loealittd  fartdUoHon, 
Cast.  CXXXV.-In  December,  i866,  a  lady  brought  to  as  a  little  boy,  aged  14  years, 
to  be  treated  for  ^roptoms  that  were  somewhat  anomalous^  yet  not  of  a  charactct 
nfiiidently  marked  to  enable  us  to  say  positively  that  St.  Vitus's  dance  proper  existed, 
While  in  perfect  repose,  and  even  when  engaged  in  play,  study,  or  conversation,  il 
there  was  nothing  to  excite  or  alarm,  he  exhibited  nothing  unusual  in  his  movements 
If,  however,  he  failed  in  his  recitations,  was  scolded  by  his  parents,  or  if  he  became 


excited  in  his  play,  or  was  abashed  by  the  notice  of  a  stranger,  some  (teculiar  symp- 
toms became  immediatdy  manifest.  The  muscles  of  the  face  became  convulsed,  and 
at  times  the  twitching  was  quite  violent,  so  that  his  appearance  was  grotesque  in  tht 
extreme.  Rapid  contractions  of  the  muscles  of  the  arm  also  occurred.  These  were 
most  noticeable  in  the  biceps  and  flexors  of  the  hands  and  fingers. 

The  child  wa&  to  all  appearance  perfectly  healthy,  and  was  of  a  lively  and  genial 
disposition. 

This  disorder  of  the  nervous  function  had  existed  some  four  or  five  months,  so  thai 
OOOdderable  uneasiness  was  excited  in  the  minds  of  the  friends  of  the  patient.  As  he 
Bred  a  considerable  distance  from  the  city,  applications  were  given  only  occasionally, 
as  his  attendant  founii  it  convenient  to  bring  him.  During  the  course  of  a  mooth  the 
boy  visited  us  some  five  or  six  times,  and  as  he  was  suffering  from  no  debility,  we 
judged  it  to  be  sufficient  to  make  the  applications  only  to  the  parts  affected,  and  not 
to  extend  them  over  the  whole  surface  of  the  body.  The  result  of  this  irregular 
treatment  was  successful,  since  all  the  abnormal  movements  to  which  he  had  been  ao 
readily  liable  on  exposure  to  any  excitement  became  less  and  less  marked.  At  the 
end  of  the  month  he  left  us  cured. 


Am  aggravattd  ease  of  (korea  resists  tltt  action  of  thi  galvanic^  but  yields  to  general 
tUctriuUicn  with  the  faradic  tttrrent — Relapses^  and  again  recovers  under  the 
same  treatment. 

Case  C.KXXVI. — A  little  patient,  aged  lo  years  under  the  professional  care  of  Dr. 
J.  O.  Farrington,  presented  the  severest  symptoms  of  chorea. 

Prof.  George  T,  Elhott  was  called  in  consultation  May  l8,  l868,  and  by  these  gen- 
tlemen electrical  treatment  was  advised. 

Some  two  months  previous  to  the  consultation  certain  abnormal  movements — such 
as  starting  suddenly  to  his  feel,  throwing  out  a  hand  or  a  foot,  etc — were  observed 
by  the  teacher  of  the  boy.  Two  weeks  subsequently,  the  patient  was  seized  with  well- 
marked  choreic  symptoms  of  the  right  side  of  the  body,  and  in  two  days  the  disturb- 
ance extended  to  the  opposite  side.  So  constant  and  violent  were  the  movements  of 
his  arms  and  legs  that  It  was  impossible  to  keep  him  on  'k  bed  or  sofa.  It  was  neces- 
■ary  to  place  him  on  the  carpet,  surrounded  by  inflated  rubber  bogs.  Intelligence 
seemed  to  1«  perfect,  but  the  power  of  speech  was  lost  and  the  sufferer  made  known 
his  wants  by  impatient  cries  and  ill-directed  motions. 

Sleep  was  impossible  without  the  nightly  admmistralion  of  an  opiate.  Gjnlrary  to 
our  judgment,  but  by  suggestion,  we  commenced  treatment  by  the  use  of  a  mild  gal- 
vanic corren:  directed  especially  to  the  base  of  the  brain  and  the  spinal  tract  ;  but 
this  method  served  only  to  aggravate  the  child's  condition.  We  then  resorted  to  the 
£uadic  current  by  the  method  of  general  electrization,  but  so  violent  were  the  invol- 
DDtary  movements  in  the  limbs  and  body  of  the  patient,  that  it  was  with  difficulty 
that  he  could  be  held  in  a  sitting  posture  and  his  feet  kept  on  the  copper  plate  to 
which  the  negative  pole  was  attached.  The  applications  were  general — every  por- 
don  of  the  body,  from  the  hea<l  to  the  feet,  being  influenced  on  each  occasion. 

Improvement  was  manifest  from  the  very  first.  He  wa.s  at  once  enabled  to  slecf 
soundly,  although  his  opiate  was  reduced  one-third,  and  after  the  fourth  appU:^tioh 
It  was  dispiensed  with  altogether.  In  the  course  of  three  weeks,  during  which  time 
fifteen  applkntions  were  given,  the  case  was  to  far  improved  that  the  patient  v  w  able 
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aea<4dboR^  wiMse  is  two  weeks  he  (jnite  rcooverad.    After  laniaf  a^|oyttd  eaceflott 
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Marasmus  and  Gentral  Debiliij.  -tn  the  treatmeat  of  mansmos  and 
general  debility  of  children,  Dr.  B^ard  has  recently  made  a  series  of 
experiments  at  the  Sheltering  Arms  Institution  in  Broold)-!!,  which  is 
under  the  medical  charge  of  Drs.  Jerome  Walker  and  Frank  Rockwell. 
In  addition  to  this  hospital  experience,  Dr.  Rockwell  has,  in  private 
practice  more  especially,  had  very  many  opportunities  of  te&ttng  the 
efficacy  of  the  various  forms  of  electricity  in  the  diseases  under  consid- 
eration. In  these  investigations  a  number  of  niarasmic  cases  and  of 
cases  of  debility  of  various  kinds,  some  of  a  most  serious  character,  were 
treated  by  general  faradization,  and  with  most  pleasing  results.  The  ' 
remarkable  unprovement  in  nutrition  that  the  young  of  animals  may 
derive  from  general  faradization  has  already  been  described  (see  chapter 
on  Nutrition,  in  Electro-Physiology). 

Two  important  facts  were  brought  out  and  confirmed  in  these  exper- 
iments : — 

1.  That  very  young  children — under  one  year — could  bear  as  laxge  . 
doses  of  general  faradization  as  adults. 

2.  That  the  recognized  tonic  effects  of  general  faradization — improve- 
ment in  sleep,  appetite,  and  in  rapidity  and  vigor  of  growth — are  appre- 
ciated by  infants  even  more  rapidly  than  by  adults. 

Cases  that  were  fast  failing  were  restored,  and  in  one  or  two  instances 
life  was  apparently  saved  by  the  treatment. 

Maratmut  in  a  child  aged /our — Recovery  under  general  faraditation  afUrfaibtrg 
of^hs  accepted  methods  of  treatments 

Case  CXXXVII.— F,  C,  a  little  boy  aged  4,  had  been  prostrated  for  some  time  with 
Miarrhceal  s>-mptomswith  fever.  These  symptoms  became  modified  under  treatment ; 
but  the  child  continued  excessively  weak,  with  no  appetite,  with  paroxysms  of  fever- 
iihness,  sleeplessness^  profuse  night -.sweats,  and  progresiive  emaciation.  No  form  of 
medication  seemed  of  niucb  service  ;  and  as  the  condition  of  the  patient  liad  asamed 
a  chronic  character  and  clearly  pobted  to  disease  uf  the  mesenteric  glands,  electricity 
was  advised  by  both  Drs.  H.  H,  Gregory,  the  attending,  and  the  laic  Geo.  T.  £lUot» 
the  consulting  physician. 

We  submitted  the  little  patient  to  general  faradiiation  carefully  but  thorough]^ 
applied.     In  one  respect  it*  cITects  were  immediately  and  decidedly  evidenced. 
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THe  sleep  was  betlered  and  the  profuse  perspiration  very  markedly  checked.  Fof 
six  weeks  this  treatment  was  repeated  every  night,  and  while  there  was  no  rapid  prog> 
ress  towards  henUh,  yet  from  the  beginning  of  treatment  the  improTement  was  giadaal 
and  uninterrupted  until  the  recovery  was  complete. 

VVhooping-Cough. — In  the  institution  mentioned  on  the  preceding 
page,  and  in  private  practice,  sixteen  cases  of  whooping-cough  in  various 
stages  of  the  disease  have  been  treated,  mainly  by  central  galvanization. 
The  result  was  improvement  in  every  case.  The  paroxysms  were 
■diminished  in  frequency  and  violence,  and  in  some  instances  the 
length  of  the  distressing  stage  of  the  disease  was  shortened. 

In  cases  complicated  with  debility  there  was  improvement  in  general 
nutrition.  In  one  case  where  great  debility,  resulting  from  congenital 
syphilis  existed,  the  improvement  in  general  nutrition  was  most  striking; 
and  in  that  case  general  faradization  was  mainly  used.  In  most  of  the 
cases  treated,  the  usual  medication  in  wide  variety,  including  quinine, 
had  been  tried.  All  medication  was  slopped  shortly  after  the  electri 
cal  treatment  was  adopted. 

Incontinence  of  Urine. — This  very  distressing  infirmity  will  sometimes 
yield  to  local  or  central  galvanization,  but  the  good  results  that  are 
obtained  by  these  methods  of  treatment  are  not  always  permanent. 

In  conjuction,  however,  with  other  tonic  remedies,  it  is  undoubtedly 
1  valuable  aid  in  the  treatment  of  this  disease. 

In  cases  where  there  is  an  almost  absolute  want  of  control  over  the 
bladder,  the  local  application  of  the  faradic  current  is  strongly  indicated, 
and  will  frequently  alle^nate  the  symptoms. 

The  following  case  is  illustrative  of  the  good  effects  that  may  occa- 
sionally follow  the  use  of  electricity: 

Incontinence  of  urint  since  birth  in  a  child  aged  six — Recovery  in  six  months  under 

heat  faradttation. 

Case  CXXXVIII. — Willie ,  a  little  boy,  aged  six,  hod  been  annoyed,  more 

or  less,  by  this  want  of  control  over  the  bladder  since  his  birth.  He  invariably  wet  hii 
bed  at  night,  and  it  was  not  unusual  for  him  to  meet  with  accidents  by  day.  He  was  a 
fine  healthy  boy,  and  therefore  he  was  submitted  to  simple  localized  faradization. 
The  treatment  was  not  kept  up  very  regularly,  but  once  or  twice  a  week,  as  he  hap- 
pened to  visit  the  office.  In  about  a  month,  his  mother  observed  a  very  decided  im- 
provement. The  impri>vement  slowly  continued^  and  in  the  course  of  six  months  the 
patient  seemed  to  have  gained  ordinary  control  over  this  function. 

Vomiting  and  Cholera  Infantum. — Both  vomiting  in  children  and 
cholera  infantum  are  treated  with  advantage  by  bromide  of  potassium 
and  by  the  tonic  influence  of  sea,  mountain,  and  country  air.  It  would 
Iherefore  be  juf^t  to  suppose  that  these  affections  might  be  success!  ally 
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treated  by  electricity.  Dr.  Lente,  of  Cold  Spring,  infonns  us  tha.1  he 
has  iiad  excellent  results  in  the  treatment  of  vomiting  in  children  by 
faraJiAanon.  Dr.  O'Reilley,  of  Louisville,  Ky.,  reports  good  results 
from  faradization  in  cholera  infantum. 

Infantile  Paralysis. — Paralysis  in  infants,  though  often  of  a  reflex 
character,  is  so  frequently  dependent  on  some  morbid  condition  of  the 
spine,  that  it  might  properly  be  included  under  spinal  paralysis.  1  jkc 
paraplegia  in  adults,  it  depends  on  a  variety  of  diseased  states  of  the 
spinal  cord  and  its  membranes.  There  is,  probably,  no  one  patholo 
gical  lesion  that  is  pathognomonic  of  this  disease.* 

The  symptoms  of  the  disease  are  paralysis  of  motion^  with  loss  of  elet- 
tro-muscular  contractility,  some  anasthesia^  great  diminution  of  iemper- 
ature,  and  muscular  atrophy. 

In  some  cases  the  muscular  atrophy  is  accompanied  by  fatty  degeiv- 
eration. 

Duchenne,  mth  the  aid  of  the  microscope,  has  investigated  the  con* 
dttion  of  the  muscles  in  muscular  atrophy.     For  this  purpose  a  trocaf 


Fig,  ll6^Duchcnne's  Trocar. 


aT€KM«IS-Cli.Mi. 
Fig.  ii7-»Noeggerath's  Trocar. 


IS  necessary.  Duchenne's  trocar,  Fig.  ii6,  is  introduced  into  the  musde 
open.  When  in  situ^  a  piece  of  sharp  steel  is  pushed,  by  means  of  a 
button,  against  the  barb  of  the  trocar.  A  piece  of  muscle  is  thut 
caught,  which,  on  the  withdrawal  of  the  trocar,  can  be  examined. 

Microscopic  Examination  of  Muscles, — Noeggerath's  instrument. 
Fig.  1 29,  is  introduced  as  a  simple  trocar,  and  when  in  situ,  the  wire  con- 
tained in  it,  being  pushed  forwar  i,  causes  the  prongs  or  clasps  on  it» 
extremity  to  emerge  a  little  separated.  When  the  wire  is  pulled  out  the 
nrongs  come  together,  bringing  with  them  a  piece  of  the  flesh. 


•  For  ft  valuable  ihsamh  of  the  present  rtate  of  oor  knowledge  ol  the  Putkogtnyc^ 
Infantile  Paralysis^  see  the  pafier  on  that  subject  by  Dr.  Mary  Jacobi  to  tlie  \ai 
Jcumal  of  Obstetrics,  May,  1S74. 
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The  lactile  sensibility  is  in  some  cases  much  diminished  ;   in  other 
cases  it  does  not  appear  to  be  affected, 

A  slight  degree  of  anaesthesia  cannot  be  ascertained  in  very  young 
patients.  An  important  feature  of  infantile  paralysis  is  that  the  muscles 
exhibit  contractility  under  galvanization  when  they  are  not  at  all  affected 
by  faradization.  In  this  disease  especially  both  currents  are  necessary 
in  the  diagnosis  as  well  as  in  the  treatment,  and  careful  regard  must  be 
given  to  the  '*  motor  points." 

In  making  an  examination  of  the  condition  of  the  muscles  of  infants 
it  should  be  remembered  that,  on  account  of  their  flabby  character  and 
the  relatively  large  proportion  of  adipose  tissue  by  which  they  are  sur- 
rounded, they  do  not  respond  as  readily  nor  as  perceptibly  to  electrizar 
tion  as  the  muscles  of  adults. 

TrecUment. — Galvanization  of  the  affected  limbs  is  the  method  of 
electrization  that  is  principally  indicated  in  infantile  paralysis.  In  those 
cases  that  fail  to  respond  to  the  faradic  current,  the  galvanic  is  indis- 
pensable. When  the  muscles  have  regained  their  contractility  under 
the  faradic  current,  faradization  may  be  used  either  alone  or  alternately 
with  galvanization. 

Children  will  bear  as  powerful  currents  and  as  protracted  localized 
applications,  without  apparent  injury,  as  adults  (see  p.  550),  No  stronger 
currents  should  be  used,  however,  than  are  just  sufficient  to  produce 
full  muscular  contractions.  The  most  frequent  mistake  is  to  overdo  the 
treatment — to  use  too  strong  currents,  and  too  long  applications ^  and  thus 
weaken  rather  than  strengthen  the  muscles. 

Galvanization  of  the  spine  is  also  indicated,  and  in  connection  with 
the  peripheral  treatment  should  not  be  neglected. 

In  infantile  paralysis  the  general  health  is  not  necessarily  impaired. 
Those  cases  that  are  accompanied  with  general  weakness  should  be 
treated  by  general  as  well  as  localized  faradization  and  central  galvani- 
zation. Treatment  by  electrization  is  greatly  aided  by  passive  move- 
ments systematically  and  skilfully  used,  shampooing,  frictions,  and  the 
application  of  dry  heat  and  hot  water  to  the  affected  limbs.  (See  re 
marks  on  Accessory  Treatment  under  Hemiplegia,) 

Prognosis. — The  prognosis  must  depend  on  the  cause,  the  probable 
nature  of  the  lesion,  ihe  length  of  lime  that  the  disease  has  existed,  and 
the  condition  of  the  nuiscles,  especially  as  ascertained  by  electric  and 
^microscopic  examination.  If  fatty  degeneration  is  much  advanced  the 
prognosis  is  less  favorable  than  when  no  degeneration  exists. 

Cases  of  a  reflex  or  functional  character  may  recover  speedily  with- 
out special  treatment.     Cases  of  organic  character,  which  constitute 
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the  majority,  and  which  have  gone  on  to  atrophy,  recover  only  slowU 
and  under  faithful,  persistent  treatment.  It  is  rarely  indeed  that  pa- 
rents or  guar  lians  have  the  patience  or  the  means  to  persevere  and 
obtain  the  full  benefit  of  which  electrization  is  capable. 

Frequently  the  improvement  rapidly  advances  to  a  certain  grade  and 
then  halts,  or  advances  so  imperceptibly  as  to  discourage  the  parent. 

Paralysis  of  left  arm  ;  atrophy  of  deltoid — No  response  at  first  to  farndimation— 
Imprmemenit  hut  not  recovery,  under  galvanization. 

Case  CXXXIX. — A  hoy  aged  14  months,  was  smldcnly  taken  with  complete  paralyda 
of  the  left  arm  after  expoFure  to  cold.  He  came  under  our  observation  about  a  week 
after  the  seizure.  We  found  it  impossible  tu  produce  the  slightest  contractions  of 
the  mmscles  with  the  faradic  current.  After  two  applications  wc  resorted  to  the 
galvanic  current. 

Immediate  contraction  of  all  the  paralyzed  muscles  followed  its  use,  and  the  natural 
power  was  restored  somewhat,  so  that  the  child  was  enabled  to  slowly  dose  and  open 
the  hand.  After  another  similar  application,  the  faradic  current  was  as  efticacioos  in 
producing  marked  contriicttons  as  the  galvanic. 

When  treatment  had  been  continued  about  a  month  the  child  could  use  the  hand 
and  forearm  perfectly  well.  The  upper  arm  was  considera'Jy  improved,  so  far  ai 
power  of  movement  was  concerncti  ;  but  the  deltoid  muscle  had  atrophied,  and  00 
subsequent  treatment  sufficed  to  greatly  improve  its  condition. 

Paralysu  of  left  arm^  with  atrophy  of  deltoid^  caused  hy  exposure  to  cold — Pfo 
response  at  first  to  faradization — Improvenunt  under  galvaniteUion. 
Cask  CXI..— A  short  time  before  vre  saw  the  child  he  had  been  exposed  (with 
©arc  arms  and  shoulders),  while  riding  iu  the  horse-cars,  to  cold  draughts  of  wind.  A 
few  hours,  subsequently  the  mother  first  noticeil  that  the  child  used  the  right  arm  alto- 
gether, and  upon  further  examination  she  discovered  that  the  left  arm  was  perfectly 
powerless.  Previous  to  the  attack  the  little  pauenl  had  been  suffering  considerably 
from  the  irritative  process  of  teething,  which  had  somewhat  reduced  him  in  health 
and  flesh.  The  deltoid  was  atrophied.  No  iiiten>ity  of  the  faradic  current  which  we 
felt  justified  in  applying  to  the  affected  arm  producctl  the  slightest  effect  ;  but  when  a 
galvanic  current  of  moderate  power  was  made  use  of,  the  muscles  of  the  paralyzed  limb 
responded  almost  as  readily  as  those  of  the  healthy  side.  The  improvement  under  the 
use  of  the  galvanic  current  wa.s  for  a  time  quite  marked.  He  very  soon  regained  full 
power  over  the  hand  and  foream^  but  was  unable  for  a  long  while  to  move  the  upper 
arm,  and  when  treatment  was  discontinued  after  some  twenty  applications  had  been 
given,  it  was  imposj^ihlc  for  him  to  raise  the  arm  readily  from  the  side.  Notwithstand- 
ing the  approximation  to  a  pcrfact  cure,  the  faradic  cxirrcnt  would  produce  only 
feeble  contractions,  while  under  the  influeace  of  the  galvanic  current  the  electro-mtLS> 
sular  contractility  was  vigorous. 


Paralysis  of  right  leg  following  diarrhaa — Rapid  recovery  under  general  forth 
*  dinatiott. 

Case  CXLl.— A  girl,  aged  \\  mouths,  was  brought  to  us  in  September,  1867,  to 
i<  treated  for  an  at'  ick  of  paralysis  that  occurred  six  weeks  before.     During  the  suav 
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4ner  she  had  sufieied  from  a  diairhcea,  which  had  considerably  reduced  her  in  strength 
and  flesh,  and  just  a  week  before  the  leg  became  paralyzed  she  ex^  erienccd  a  severe  at 
tack  of  cholera  infantum.  The  mother  of  the  child  first  observed  some  lameness  of  the 
right  leg,  that  followed  shortly  after  a  fall  from  a  chair.  In  two  days  the  leg  wa* 
without  the  slighted  power  of  motion.  The  limb  was  cold.  The  improvement  follow- 
ing electrization  wai  in  this  instance  unusually  rapid.  Two  applications  with  the 
faradic  current  resulted  in  some  progress;  but  after  the  third  visit,  when  the  galvanic 
current  was  used,  the  improvement  was  very  marked.  The  muscles  below  ihr  knee 
contracted  vigorously  for  the  first  time  under  its  influence,  and  in  the  course  ol  three 
weeks,  under  the  alternating  use  of  the  two  currents,  a  perfect  cure  was  effecte>L 

Paralysis  cf  six  monfks*  standing — Entire  loss  of  reacHon  to  both  currtnts—A^ 

priKxtmate  recovery. 

Case  CXLII.— Master  C.  E.,  aged  four,  was  sent  tons  by  Dr.  S.  H.  McUroy, 
of  New  Yurk. 

In  September,  1S77,  the  pialient  suffered  from  a  severe  attack  of  chills  and  fever, 
followed  hy  convulsive  seizares.  One  week  subsequently  the  right  leg  was  found  to 
be  completely  paralyzed,  the  other  limbs,  with  the  exception  of  the  left  arm,  being 
also  aflccted,  but  in  a  less  degree.  In  March,  liiyS,  six  months  later,  the  case  came 
under  our  care.  The  \eg  was  apparently  without  life,  quite  cold,  and  atrophied  to 
the  last  degree,  while  the  electro- muscular  contractility  was  completely  abolished, 
and  probably  had  been  for  some  time.  After  a  month's  treatment  by  general  fara-> 
dization  and  localized  galvanization,  the  general  condition  had  somewhat  improved, 
but  there  was  not  the  slightest  evidence  of  returning  galvano-muscular  contractility. 
In  two  weeks  more,  however,  contractions,  atmo"it  imperceptible,  were  obwrved. 
These  increased  very  slowly,  and  it  was  six  months  before  the  muscles  responded  in 
the  least  degree  to  fanuiizatioiL  At  the  present  time,  after  a  year  of  the  most  per- 
sistent endeavor,  the  contractions  are  considerable,  the  limb  has  increased  much  in 
size,  its  circulation  is  good,  and  the  child  can,  with  the  aid  of  a  chair,  move  about 
quite  readily.  We  conceive  it  to  he  self-evident  that  if  this  patient  had  not  been 
treated  with  unusual  persistency,  or  if  active  measures  had  been  delayed  much  longer, 
a  condition  of  life-long  helplessness  would  have  followed. 


In  consideration  of  the  absolute  and  long-continued  paralysis,  and 
ioss  of  electric  response  to  either  current^  the  above  results  have  im- 
pressed us  deeply,  and  should  teach  that  even  desperate  cases  of  infan* 
tile  paralysis  should  not  be  hastily  abaodoued  to  their  fate. 
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Tb«  medical  diseases  of  the  male  genital  organs,  for  which  clectri- 
dly  is  chiefly  indicated,  are  spermaiorrhcta^  seminal  emissions,  imp<h 
ienct^  incontinence  of  urine,  d^n^  paralysis  of  the  bladder. 

As  it  has  been  doubted  whether  the  resources  of  the  electro- 
therapeutics are  capable  of  affording  any  decided  and  lasting  benefit  in 
these  diseases,  we  here  record  not  only  as  the  result  of  our  own  ex- 
perience, but  from  a  knowledge  of  the  experience  of  others,  that  no 
case  in  which  there  have  been  reasonable  grounds  fOr  hope  can  be 
said  to  have  been  fairly  treated,  until  the  proper  a^jplication  of  elec- 
tricity has  been  attempted. 

It  should  be  remarked  that  of  sperniatorrhcea,  seminal  emissions,  and 
impotence,  the  latter,  taking  the  cases  as  we  find  them,  yields  the  most 
uniformly  and  readily  to  electrical  treatment.  These  three  conditions 
are,  however,  very  frequently  associated,  and  the  symptoms  of  each 
may  be  so  intenningled  as  to  render  it  difficult  to  decide  which  presents 
the  most  prominent  indications. 

Spermatorrhoea. — There  can  be  no  question  that  true  spermatorrhoea 
"s  much  less  frequent  than  is  generally  believed.  It  consists  of  an  in- 
voluntary discharge  of  semen  without  erection,  and  as  there  are  several 
secretory  glands  besides  the  testicles,  the  secretion  from  which  lubri- 
cates the  urethral  canal,  and  may  even  appear  externally  in  a  healthy 
condition  of  the  parts,  the  activity  of  charlatans  has  had  a  fair  field  in 
which  to  excite  alarm  among  the  credulous. 

Seminal  etntssions  consists  in  an  involuntary  discharge  of  semmal 
fluid  with  erection,  and  demands  treatment  only  when  it  becomes  ex- 
cessivc,  and  is  associated  with,  is  dependent  on,  or  is  the  cause  of 
constitutional  disturbance. 

Treatmen/.-^ln  regard  to  the  treatment  of  spermatorrhoea  and  semi' 
nal  emissions,  it  is  hardly  necessary  to  say  that  no  one  method  of 
electrization  will  answer  in  all  cases.  The  applications  may  be  local 
ued  externally  or  internally,  and  in  addition  we  frequently  use  witli 
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advantage  general  faradkation  and  central  galvanization.  There  is  one 
«iiethod  of  procedure  concerning  the  ill  eflFects  of  which  we  have  posi 
tive  convictions.  We  refer  to  strong  galvanization  of  the  ejacjlatory 
ducts,  or  the  parts  in  their  immediate  vicinity,  by  means  of  the  insulated 
catheter  electrode. 

It  is  true  that  if  employed  with  great  caution,  and  with  a  current  of 
very  feeble  power,  no  harm  may  result.  Currents  of  considerable 
electrolytic  power  even  may  frequently  be  borne  without  any  after  ill 
effects ;  but  it  is  equally  true  that  these  same  applications,  whethei 
weak  or  strong,  have  in  numbers  of  instances  been  followed  by  pro^ 
found  and  lasting  irritation. 

Deaths  have  been  known  to  result  from  the  effects  of  i\\c  parte 
caustique.  From  the  hislcry  of  one  of  our  cases,  it  seemed  sufficiently 
clear  that  this  Ireatmer.t  had  laid  the  foundation  of  an  obstinate 
stricture  and  in  another  case  of  complete  destruction  of  the  virile 
power,  it  was  evident  that  the  symptoms  were  in  a  measure  due  to  a 
most  severe  and  ill-atlvised  cauterization  of  the  ejaculatorj'  ducts. 

Electrolytic  action  is  of  course  more  completely  under  control,  and 
although  its  action  is  different  from  that  of  the  caustic,  it  is  yet 
occasionally  followed  by  substantially  the  same  results,  and  we  hesi- 
tate to  make  use  of  it  in  the  irritable  conditions  that  we  are  con- 
sidering. 

In  lieu  of  this  procedure,  however,  and  in  addition  to  the  external 
methods  of  treatment,  we  are  highly  in  favor  of  the  direct  application 
of  the  faradic  current  to  the  urethra,  and  on  the  same  principles,  and  to 
meet  the  same  indications,  that  the  occasional  introduction  of  the  ordi- 
nary catheter  is  attempted.  Mechanical  pressure  alone  tends  to  unload 
th  -  congested  capillaries,  and  to  very  decidedly  lessen  the  sensibility  of 
the  urethral  nerves,  and  when  combined  with  the  vibratory  action  of 
tht  faradic  current,  we  are  convinced  that  its  good  effects  are  marked- 
ly )  icreased. 

i'mpotence, — The  nrildest  and  most  frequent  form  of  impotence  mani- 
fests itself  by  a  premature  ejaculation  of  semen,  with  no  special  diminu- 
tion of  sexual,  desire,  but  with  some  impairment  of  the  power  of  erection. 
A  somewhat  more  persistent  condition  is  shown  by  an  appreciable 
diminution  or  capriciousness  of  the  sexual  appetite,  with  a  marked  de- 
crease  of  the  power  of  erection,  and  again  there  is  not  unfrequenily  an 
entire  absence  of  sexual  desire  and  power  of  erection.  Another  form  of 
im[.  Jtence  may  be  tQxmtd  psychicaL  The  unfortunate  subjects  of  this 
con  ution,  ignorant  of  what  the  normal  sexual  appetite  should  be.  often- 
timoM  suppose  tliat  in  their  case  it  is  deficient.    Depressed  and  distracted 
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bj  self-brooding,  they  soraelinics  fulfil  their  own  lark  forebodings,  and 
Call  in  their  preliminary  attempts  to  accomplish  the  sexual  act  through 
the  very  intensity  of  their  desire. 

We  shall  not  attempt  to  enter  into  any  consideration  of  the  causation 
of  these  sympionis,  further  than  to  say  that  the  vast  majority  of  case? 
of  this  character  are  brought  on  by  the  same  general  causes,  mastur- 
bation, or  sudaenly  breaking  off  the  habit  of  masturbation,  excessive 
sexual  indulgence,  prolonged  continence,  or  by  any  influence  that 
debilitates  the  system. 

Not  only  in  its  incipient  but  in  its  more  advanced  stages,  impotence 
not  unfrequenily  is  the  result  of  organic  disease  of  the  nerve-centres, 
and  its  ireatnirnt  by  electricity  is  of  importance  only  so  far  as  it  servet 
as  an  illustration  of  the  exiraordinar}'  stimulating  or  tonic  influence 
of  the  remedy.  We  have  had  patients  suffering  from  incurable 
clironic  hemiplegia;,  progressive  muscular  atrophy,  locomotor  ataxia, 
etc.,  where  there  has  been,  under  local  and  general  electrization,  a 
most  extraordinary  increase  in  the  desire  and  capacity  for  sexual  inter- 
course. 

Electro-Diagnosis.— Anasthesia  of  one-tudf  usually  tlu  U/t,  of  the 
penis,  is  a  condition  not  unfrequenily  observed  in  diseases  of  these  parts. 
This  may  be  detected  by  an  electric  examination  or  by  the  teslhesiom- 
cter.  This  peculiarity,  which  was  tirst  pointed  out  by  Schulz,  we  have 
observed  in  a  number  of  instances.  With  anaesthesia  there  maybe 
coldness  and  blueness  of  the  sexual  organs. 

Occasionally  the  anzesthesia  is  quite  profound,  and  as  a  rule  the  sex- 
ual weakness  is  in  proportion  to  the  degree  of  the  anaesthesia. 

The  numbness  in  these  cases  is  more  than  an  accidental  association  ; 
it  would  indeed  appear  as  if  it  were,  to  a  certain  extent,  a  cause ;  for  by 
the  application  of  the  ordinary  electric  brush  to  the  parts  in  the  same 
way  that  we  treat  any  case  of  local  anaesthesia,  the  numbness  is  often 
removed,  and  the  integrity  of  the  sexual  function  restored. 

Hypertzsthesia  of  the  urethra  is  a  condition  that  is  sometimes  ob- 
served, especially  in  patients  otherwise  ner\*ous  and  irritable. 

In  the  worst  stages  there  may  be  atrophy  of  the  testicles  and  the 
penis,  and  a  diminution  of  temperature  that  is  at  once  perceptible  to 
the  hand. 

Treatment, — In  the  consideration  of  the  various  degrees  of  impaired 
sexual  power,  the  question  at  once  arises,  What  are  the  indications  and 
how  are  these  indications  to  be  fulfilled  ?  In  the  milder  forms  of  impo- 
tence, where  there  is  simply  premature  ejaculation  of  semen,  with  some 
diminution  of  the  power  of  erection,  as  we!',  in  the  more  advanced 
16 
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■tages,  where  the  desire  is  capric  ous  and  the  power  of  ereci  ion  pretty 
well  destroyed,  il  is  evident  that  there  must  be  a  de^jrce  of  paralysis  at 
the  root  of  the  disorder,  dependent  on  structural  changes  in  the  nerve- 
centres,  or  else  this  impaired  power  or  tone  in  the  muscles  and  erectile 
tissue  raay  be  of  a  purely  local  character.  In  the  latter  case,  the  indi- 
cations are  clt^arly  the  same  as  in  other  forms  of  local  paralysis,  and  by 
faradization  of  the  tachio-cavemosus  and  bulbo-cavernosus  muscles 
much  may  be  accomplished.  In  recent  cases  of  impotence,  where 
there  is  considerable  power  remaining,  as  well  as  in  a  more  advanced 
stage,  where  the  power  is  approximately  lost,  we  not  unfrequently 
find  that  the  seminal  secretion  is  markedly  reduced,  not  only  in 
quantity  but  quality ;  and,  leasoniug  from  analogy,  it  would  seem 
th^t  in  such  cases  there  were  undoubted  indications  for  the  use  of  elec- 
tricity. 

The  galvanic  current  especially  has  the  power  of  exciting  to  increased 
activity  the  secretory  function  of  various  glands,  and  not  seldom  ac- 
celerates physiological  mucous  discharges.  The  salivary  and  lachry- 
mal glands,  as  well  as  the  liver,  are  susceptible  to  stimulation  by  elec- 
trization, and  it  is  undoubtedly  true  that  the  lacteal  secretion  has  been 
augmented  by  passing  the  current  through  the  breasts  of  nursing 
women.     (See  chapter  on  Nutrition  in  Electro  Physiology.) 

It  is  highly  probable,  then,  that  a  deficiency  in  the  secretion  of  semen 
when  il  is  dependent  on  local  paralysis  or  exhaustion  of  the  nerves  con- 
trolHng  this  function,  and  not  on  pathological  changes  of  a  structural 
character,  may  be  successfully  remedied  by  galvanizing  the  spermatic 
nerves  and  testicles.  We  cannot,  however,  in  all  cases,  depend  on 
local  treatment  alone.  Not  only  may  impotence  be  associated  with, 
but  it  may  result  wholly  from  disorders  of  a  general  character.  The 
excessive  use  of  sedative  narcotic  remedies,  sedentary  habits,  and  gen- 
eral malnutrition  from  any  cause,  lead  to  the  condition  under  consider- 
ation, and  demand  the  general  constitutional  tonic  influence  of  general 
faradization. 

The  vesiculie  seminales  and  the  testicles  may  be  afifected,  and  in 
some  patients  very  powerfully  and  sensibly,  when  one  of  the  poles  is 
applied  to  the  lower  part  of  the  spine,  and  the  other  to  some  point  on 
the  thigh  or  against  the  perinaeum.  A  very  good  way  to  affect  tiie 
male  reproductive  organs  is  to  apply  one  pole  firmly  against  the  peri- 
nxuiii,  and  the  othc  upon  the  testicles. 

Faradisation  of  the  genital  organs  should  not  usually  be  protracted 
longer  than  five  to  ten  minutes;  galvanization  from  two  to  eight  ruin- 
otes.     The  faradic  current  would  appear  to  be  preferable.     Impotence, 
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titc  seminal  emissions,  may  sometimes  be  treated  by  conneciing 
stc-I  sound  introduced  into  the  urethra  with  one  of  the  poks  of 
far^'dic  current,  thus  combining  the  toning  effect  of  pressure  with 
to'-iing  effect  of  electricity  on  the  relaxed  parts. 

Aspermatism. — Impotence,  as  before  remarked,  may  man-  ^ 

ifest  itbelf  by  many  symptoms,  and  in  various  degrees  ;  but  \ 

there  is  one  phase  of  it  that  is,  we  believe,  not  very  com- 
mon. It  consists  in  an  inability  to  ejaculate  semen  while 
the  power  of  erection  remains  vigorous,  and  to  this  condi- 
tion the  term,  aspermatism,  was  first  proposed  by  Roubaud 
in  1855. 

Dr.  Wm.  H.  Van  Buren,  in  an  article  published  in  the 
New  York  Medical  Journal  iox  November,  1868,  suggested 
that  the  difficulty  in  ejaculating  the  semen  was  caused  by  an 
exaggerated  spasmodic  contraction  of  the  muscular  fibres  of 
the  walls  of  the  ejaculator)'  ducts,  leading  to  their  occlusion 
under  extreme  excitement  On  this  theory  it  would  seem 
that  the  indications  called  for  galvanization  of  the  ejacu- 
latory  ducts ;  but  in  two  cases  that  have  come  under  our 
observation,  and  that  might  fairly  be  placed  under  the  head 
of  this  affection,  the  treatment  failed  to  afford  relief. 

Spermatorrhaa  associated  with  profound  mental  and  physical  depres- 
sion—  Rapid  recovery  under  general  and  localized  faraditation  and 
central  gahanitation. 

Case  CXLIII.— Mr.  T ,  »  youth  aged  17,  came  under  our  care 

April  23d,  1873,  for  the  relief  of  spermatorrhcea  asMjciated  with  pro- 
found menial  and  physical  depression.  The  patient  was 
of  a  highly  nervous  organization,  and  attributed  his  symp> 
toms  mainly  to  the  vice  of  m.isturbation,  which  he  had 
practiced  for  a  number  of  years.  The  muscles  were  in 
•  flabby  condition ;  there  was  marked  anannia,  and  his 
rtrenglh  hardly   permitted   him   to  walk   half  a  dozen  Fig.  laS, 

blocks  without  the  onset  of  a  paroxysm  of  cardiac  pal-  inflated  Catheter  Electrode 
pitation  with  utter  exhaustion.      The  mental  faculties 

were  w&akened,  and  at  the  same  time  his  feelings  were  in  such  a  condition  of  hypochoo* 
driacal  depression  that  he  would  allow  no  hopt  of  recovery  to  enter  his  thought. 
Emissions  of  semen  occurred  regularly  two  or  three  times  a  week.  The  patient  wai 
immediately  submitted  to  general  faradization  with  alternations  of  central  galvan* 
ization  and  localized  faradization.  At  the  end  of  a  month's  treatment  it  was  ^ound 
tliat  there  had  been  but  three  seminal  emissions,  and  during  the  \xi\  two  weeks  nona 
at  ay  He  had  become  decidedly  hopeful,  and  could  exercise  both  mind  and  body  to 
a  far  greater  cKtex  fhar  for  six  months  before.  The  trcaimeni  was  tliscoutmued, 
mm]  the  patient  left  the  c'*y  i  ^r  his  home.     As  Is  the  usual  cour&e  known  under  sim^ 
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lar  conditions,  the  Improvement  continued  uninterruptedly,  and  b«fore  the  tltue  of 
the  summer  a  perfect  recovery  was  complete. 

•Spcrmatorrkaa  associated  vntk  extreme  nervous  exhaustion  of  three  yeari*  ttand 

ing — Improvement  under  gtneral /iiradiMatian  and  central  gatoaniMOtioH. 
Case  CXLIV. — G.  II.  \V..  a  yxuni;  man,  aged  twenty-five  years  came  to  us  Sep 
tanber  tgth,  1871,  complaining  of  a  persistent  spermatorrhcca,  associated  with  great 
physical  and  mental  depression.  Three  years  before,  he  first  observed  a  decided 
weakness  of  the  eyesight,  together  with  occasional  nocturnal  emissions  of  semen.  It 
should  be  stated  that  ihoe  symptoms  immediately  followed  a  fievere  attack  of  inflam- 
mation of  the  bowels,  w  ith  enlargements  of  the  mesenteric  glands.  All  his  life  be  liad 
mdulged  in  masturbation  to  a  conaderable  extent.  His  nervous  system  had  been  sa 
completely  upset  that  for  three  years  be  hod  been  unable  to  study  or  to  work,  and  as 
medication  and  the  influences  of  travel  and  change  hatl  failed  to  benefit  him,  he  began 
to  despair  of  recovery,  and  became  tenfold  mt)re  despondent,  and  was  so  reduced 
physically  that  he  was  unable  to  walk  more  than  two  or  three  short  blocks  without  a 
sense  of  utter  exhaustion  and  a  soreness  and  "drawing  down"  in  the  ab<lomen  that 
was  absolutely  painful.  Seminal  emissions  occurred  almost  every  night,  and  added 
immensely  to  his  misory,  both  mental  and  physical.  As  an  evidence  of  the  exces- 
sively sensitive  condition  of  the  central  nervous  system,  it  may  be  stated  that  a  foradic 
corrent  of  moderate  strength  applietl  to  the  sacrum  and  lumbar  region  produced  by  re- 
flex  action  a  decided  tingling  sensation  in  several  remote  parts,  and  especially  on  the 
crown  of  the  head.  The  patient  was  submitted  to  general  faradization,  and  under 
the  influence  of  a  dozen  applications  improved  considerably  in  strength  of  mind  and 
body.  Subsc<]|ucntly  many  similar,  applications  accomplinhe^l  nothing  more  for  him. 
Galvanizaiion  of  the  brain,  sympathetic,  and  spinal  cord  was  then  rest»rted  to.  A 
new  impetus  seemed  to  be  immeiliately  imparted.  The  emissions  became  less  frequent, 
and  finally  occurred  so  seldom  as  to  occasion  little  remark.  The  power  of  continuous 
th&ught  returned,  and  at  the  end  of  another  month,  he  left  us  apparently  recovered 

Faiiure  0/  the  sexual  power  and  spermatorrhaa  associated  with  hypocfiottdriasis-~ 
Recovery  under  central  galvanisation  and  locaiiud  faradization. 

Case  CXLV.  —  Mr.  came  to  usby  the  advice  of  l>r.  Juhn  Byrne.  For  sev- 
eral ye-irs  he  livl  l>cen  afTecterl  with  an  exce«:«;ivc  irnta'iility  <^f  the  r;enital  organs, 
'a  consequence  of  which  he  had  become  both  phyacally  and  mentally  depressed.  In- 
voluntar>"  ejaculations  of  semen  were  frequent,  juid  occurred  generally  during  sleep  ai 
nightj  while  the  ability  to  perform  satisfactorily  the  act  of  coition  seemed  almost 
inert. 

The  patient  was  treated  by  central  galvanization  and  by  faradization  locali2ed 
directly  through  the  gcnit.-vl  apparatus. 

The  beneficbl  results  of  the  treatment  were  soon  most  decidedly  manifested.  The 
involuntary  emissions  ceased  in  the  course  of  a  month  almost  entirely,  and  the  sexual 
power  returned  in  full  force.  As  a  natural  result,  the  mental  balance  was  restored 
■nd  the  patient  left  as  qtiiie  hopeful  and  happy. 

Congenital  impotence^  with  the  sexual  instinct  unimpoirei^No  imprffvemtnt. 
Case  CXLVI, — A  very  interesting  case  of  congenital  impotence  fell  under  oui 
observation  in  February,  1873, 
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The  paiient  was  a  young  roan  aged  30*  and  although  the  sexual  instinct  was  fuIJj 
developed,  and  a  strong  feeling  of  sexual  desire  had  been  manirested  from  his  earliest 
nanhood,  yet  he  had  never  at  any  time  been  able  by  artifictal  means  to  excite  anj 
orgasm,  or  the  slighte&t  ejaculation  of  s<>men. 

Aetna!  intercourse  had  never  been  attempted. 

He  was  subject  to  occasional  nocturnal  emissions,  that  were  accompanied,  however, 
by  no  pleasurable  sensations.  Strurlurally  the  parts  seemed,  to  be  in  every  way  per- 
fect, and  the  fault  undoubtedly  lay  in  some  orij^na]  imperfect  condition  of  thenervotu 
supply. 

No  benefit  was  derived  from  treatment. 

Almost  complete  imfiotetut  in  a  fali^nt  aged  45 — Ptrfett  rerovery  under  loealiuit 
faradiuUion  and galvanitation  of  tht  spine  and  sympathetic. 

Case  CXLVII— Mr.  X.,  ayefl  nlM>ul  45,  was  directeii  tou^liy  Dr.  James  Ander- 
•on,  in  the  «prtr»j;  of  i*'72.  Tlie  pnticnt  wa^*  a  stout,  vigorous  man,  and  the  father  of 
several  children,  but  for  some  yeajs  he  had  observed  a  gradual  but  decided  decrease  of 
sexual  power,  and  at  the  date  of  his  application  for  treatment  he  asserted  that  he  was 
almost  completely  impotent.  We  submitted  him  on  alternate  days  to  localized  fara- 
dization and  galvanization  of  the  lower  portion  of  the  cord,  and  occa.stcinaHy  extended 
the  galvanization  to  the  neck  in  order  to  bring  more  or  less  completely  under  the  in- 
fluence of  the  current  the  sympathetic  ■system.  This  method  was  faithfully  followed 
out  for  some  six  weeks.  Week  by  week  the  patient  observed  increasing  sexual  capa- 
city, and  at  the  close  of  the  treatment,  when  he  departed  for  Europe,  he  claimed  to 
possess  perfect  sexual  vigor. 

He  lias  suffered  to  this  date,  1574,  no  relapse. 

Diminution  of  power  of  erection  in  a  married  mcsn  in  the  prime  of  life— Cephalagi* 
and  debility — Recovery  under  general  faradixation. 

Cask  CXLVII  I. — Mr.  ,  a  merchant  in  the  prime  of  life,  and  to  all  appear- 
ances enjoying  excellent  health,  consulted  os  for  inability  to  perform  satisfactorily  the 
act  of  voition.  This  inability  did  not  involve  an  absence  of  sexual  desire,  but  simply 
a  want  of  power  to  obtain  and  retain  an  erection.  This  gentleman  had  a  family  of 
aev>:ral  children,  and  since  his  marriage,  many  years  before,  had  le<l,  according  to  his 
statement,  a  correct  and  regular  life.  He  attributed  this  premature  decline  to  early 
excessive  indulgence  and  abuse  uf  the  generative  function.  His  outward  appearance 
bdied  his  general  condition,  for  he  suffered  much  from  headache,  and  oftentimes,  on 
rising  in  the  morning,  from  considerable  enervation. 

General  electrization  was  decided  on  and  given,  together  with  local  applications^ 
He  continued  treatment  for  three  weeks,  receiving  an  application  every  other  day. 
Tl^e  re>aU  was  eoiirely  satisfartory.  His  general  condition  was  so  much  improved, 
and  the  vigor  of  his  sexual  organs  was  so  much  increa.scd,  that  he  was  enabled  to 
complete  the  marital  act  as  satijifactorily  as  in  his  youth. 

Impotenet  of  twenty  years''  standing  caused  ly  local  paralysis — Numbness  and  cold' 
ness  of  the  parts — Deficient  power  of  erection — Slight  seminal  secretion — No  im- 
frovement  under  galvanivstion  and faraditation. 
Case  CXLIX. — Mr. ,  aged  44,  was  sent  by  Dr,  Jerome  Smith  to  be  treated 

for  impotcDce  of  nearly  twenty  years'  standing.  When  but  17  years  old  he  contracted 
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gonorrhoea,  and  at  the  age  of  15  wis  attacked  by  syphiliSw  At  that  time  he  led  t 
very  dissipated  Kfc,  and  no  sooner  was  an  attack  of  this  disease  apparently  cured  than 
he  forthwith  subjctleU  himself  to  another.  During  ihc  last  attack  the  solid  caastic  had 
l)ccn  introduceil  into  the  urethra.  This  cauterization  produced  excessive  inflamma* 
lion  and  pain,  and  was  followed  by  complete  impotence,  ai^sociatcd  with  a  feeling  of 
numbness  and  coldness  in  the  penis.  He  had  tested  nearly  all  remedies,  and  at  one 
time,  by  the  advice  of  Dr.  Brown-S^uard,  he  had  used  hot  and  cold  douches,  but 
all  without  avail.  When  he  came  to  u^  the  penis  w&s  quite  cold,  and  much  bebw 
the  natural  size.  Erection  was  occasionally  pos.sible,  but  he  was  never  able  to  ac* 
oomplish  the  marital  act.  The  testes  were  of  an  almost  natural  siac,  and  when  the 
penis  was  artificially  excited,  a  small  amount  of  semen  would  appear.  Tlie  penii 
wa*  apparently  paralytcd^  and  the  impotence  was  manifestly  due  to  that  cause  more 
than  to  the  want  of  semina]  secretion.  The  patient  was  a  stout,  hardy,  vigorous 
roaji,  of  a  full  habit,  and  quite  a  free  liver ;  and  neither  in  his  countenance  nor 
in  his  general  hearing  betrayed  the  slightest  effects  or  even  consciousness  of  hii 
afBiction. 

Four  applications  of  the  faradic  current  were  given,  with  the  effect  of  temporarily 
increasing  the  wannth  of  the  penis,  and  nothing  more.  The  galvanic  current 
was  then  tried.  It  increascti  the  circulation  in  the  pcnLs  and  consequently  hcighi- 
ened  the  tem,perature  more  than  the  faradic  current,  but  no  permanent  benefit 
ref-ulted.  Our  patient  then  discontinued  the  treatment,  owing  to  the  pressiire  of 
his  business  engagements.  He  would  have  persevered,  however,  if  we  had  felt  war- 
ranted In  holding  out  reasonable  chances  of  a  successful  result  from  a.  long  course  of 
electrixation. 


Premature  distharge  and  deficient  secretion  of  temen,  caused  by  txcessivt  sexual 
indulgence — Recovery  under  externcU  and  internai galvanisation  and  faradintiion 
combined  with  medical  treatment. 

Case  CL — Mr.  ,  aged  27,  formerly  a  gymna<it,  and  latterly  (v  i>rinter,  con- 
sulted us  in  May,  1S70,  for  sexual  weakness  brought  on  by  abuse  of  the  urgans.  The 
discharge  was  premature,  and  with  less  excitement  than  usuaU  and  there  was  a  mani- 
fest deficiency  of  secretion.  The  patient  was  exceedingly  muscular,  and  his  general 
health  was  almost  perfect.  For  that  reason  only  local  treatment  was  employed. 
The  organs  were  faradized  in  the  various  methods  twice  a  week,  and  once  a  week 
internal  galvanization  was  employed,  the  metallic  extremity  of  the  catheter  electrode 
being  directed  as  near  as  possible  to  the  orifices  of  the  ejaculatory  ducts.  At  the 
same  time  the  patient  was  directed  to  take  a  mixture  of  bromide  of  potassium  and 
wine  of  ergot.  Under  this  combined  treatment  the  recovery  was  complete  in  twen- 
ty-five applications. 

During  the  tatter  part  of  the  treatment  the  patient  observed^  during  sexual  inter- 
iourse,  a  very  great  increase  in  the  quantity  of  semen  discharged. 

Diseases  of  the  Bladder. — The  diseases  of  the  bladder  for  which  elec- 
trization is  chiefly  employed  are  incontinence  of  urine  and  paralysis. 

Incontinence  of  urine  depends  on  an  irritable  condition  of  the  neck 
of  the  bladder.  While  it  largely  sympathizes  with  other  diseases  and 
the  gereral  health,  being  frequently  associated  with  hysteria  and  spinal 
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irritarion,  it  is  yet  oftentimes  a  purely  local  affection.  There  arc  vari- 
ous grades  of  the  disease,  from  simple  irritability  that  makes  it  neces- 
sary to  pass  the  water  with  unusual  frequency,  to  utter  inability  to  sleep 
through  the  night  without  unconsciously  "  wetting  the  bed."  The  for- 
mer condition  exists  mostly  in  adults — espvecially  in  the  hysterical  and 
the  aged  ;  the  latter  is  peculiar  to  the  period  of  childhood.  It  is  pro- 
bable that  the  pathological  condition  in  children  who  nightly  void  theii 
urine  in  bed,  is  not  necessarily  worse  than  that  in  adults  who  only  com- 
plain of  being  obliged  to  pass  the  water  with  abnormal  frequency.  The 
unpleasant  results  in  children  are  due  to  their  profound  sleep  or  defi- 
cient self-control.  That  the  pathological  condition  in  children  is  not 
always  of  an  important  character  is  proved  by  the  fact  that  it  sometimes 
yields  to  purely  moral  influences. 

In  the  treatment  of  incontinence  of  unne,  both  external  and  inter- 
nal applications  may  be  used.  In  the 
juajority  of  cases  the  internal  appHca- 
tions  by  means  of  the  catheter  electrode 
'(p.  567)  are  not  required.  It  is  needless 
to  say  that  in  young  children  the  intro- 
duction of  the  catheter  electrode  is  at* 
tended  with  ditficolty.  The  treatment 
we  prefer  is  faradization  with  strong  cur- 
rents through  the  neck  of  the  bladder, 
la  males  one  pole  may  be  placed  over 
the  symphysis  pubis,  and  the  other  at  the 
perinaeum  ;  in  females  one  pole  may  be 
applied  over  the  symphysis  pubis  and  the 
other  at  the  lower  part  of  the  sacrum. 
Cases  associated  with  hysteria,  or  de- 
pendent on  spinal  disease,  need  central 
and  general  electrization. 

Prognosis. — The  prognosis  of  young 
and  recent  cases  is  usualiy  good.  Long- 
standing cases  also  yield,  but  need  cor- 
respondingly longer  treatment,  and  are 
liable  to  relapse.  Cases  complicated  with 
constitutional  or  central  disease,  which 
arc,  of  course,  mostly  found  in  adults, 
have   either  a  favorable   or  unfavorable 

prognosis,  according  to  the  nature  of  the  ^^^^^  v^al' Exdtor  oc  1 
oiahidy  with  which  they  are  complicated  trode  (Ducbeooe). 
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Paresis  *  and  Paralysis. — Paresis  and  paralysis  of  tlie  bladder  sc 
frequently  depend  on  incurable  diseases  of  the  spine,  that  tlie  prog 
nosis  is,  as  a  rule,  unfavorable  as  regards  a  con]])lete  cure.  Relief  and 
improvement,  even  in  very  bad  cases,  may  be  gained  by  faithful  treat- 
ment, but  entire  recoveries  are  exceptional. 

The  treatment  should  be  external  and  internal,  with  both  the  galvanic 
and  faradic  currents,  combined  with  central  galvanization. 

External  applications  may  be  made,  placing  one  pole,  the  negative^ 
over  the  symphysis  pubis,  and  the  other  on  the  back,  or  at  the  nape  of 
the  neck,  and  passing  very  strong  faradic  currents  with  interruptions. 

Internal  applications  may  be  made  either  with  the  insulated  catheter 
electrode,  or  with  Duchenne's  double  vesical  electrode  (Fig.  129). 

The  catheter  electrode  may  be  connected  with  the  negative  pole 
while  ihe  positive  is  at  the  hypogastric  region  or  back.  By  means  of  the 
double  exciter  of  Duchenne  the  current  can  be  more  exclusively  local- 
ized in  the  muscles  of  the  bladder  than  by  any  other  method. 

Gonorrhaa. — It  would  not  be  unreasonable  to  suppose  that  gonor- 
rhoea in  its  subacute  stage  might  be  treated  by  electrization  with  at 
least  as  satisfactory  results  as  subacute  inflammations  of  the  mucous 
membrane. 

We  have  had  opportunity  to  test  faradization  in  three  cases  of  gonor- 
rhcea  while  the  inflammation  was  in  quite  acute  stages. 

Goner r/uea — Temporary  increase  0/ secretion  under  faradittUion — Reto»ery, 
Case  CLIi — A  gentleman  requested  as  to  try  on  him  electrical  treatment  for  an 

attack  of  gonorrhoea  that  he  had  recently  contracte*!.     We  consented  to  do  so,  with 

the  understanding  that  the  treatment  should  he  considered  as  experimental,  inasmuch 

as  we  had  treated  but  one  case  of  gononrhcea  by  electricity. 

We  employed  local  external  faradization  throujjh  the  penis,  without  regard  to  the 

direction  of  the  current.     After  four  applications  he  represented  that  he  was  cured. 

In  this,  as  in  another  case,  there  was  some  temporary  increase  of  the  urethral  secrC' 

lion  after  the  first  two  applications. 

These  cases  may  be  taken  for  what  ihey  are  worth  j  they  are  the 
only  cases  of  the  kind  in  which  we  have  ever  attempted  electrical 
treatment. 

Chronic  urethris  {gleet)  we  have  treated  by  mild  galvanization  with 
the  catheter  electrode  and  sounds,  and  with  encouraging  results. 
Electricity  thus  used  acts  well  as  an  adjuvant  to  the  other  treatment, 
just  as  in  catarrh  of  the  nose,  granular  lids,  chronic  inflammation  of  the 
middle  ear,  and  analogous  conditions. 

*  From  ttapeeit,  exhaii$tio«. 
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Syphilts. — ^The  severe  pains  of  secondary  syphilis  are  lo  a  certain 
extent  relievabie  by  general  and  localized  faradization,  as  we  have  de- 
monstrated in  a  few  instances ;  concerning  the  peraianency  of  their 
effects  we  have  as  yet  no  positive  evidence. 

(For  the  treatment  of  syphilitic  ulcers,  see  Ulcers.) 

Buboes  may  be  discussed  by  external  faradization,  and  have  been 
so  treated  by  Hassenstein.*     Chovstek  has  used  galvanization. 

Orchitis. — The  electric  treatment  of  orchitis  has  been  pardcularlf 
studied  by  Drs.  Jules  Ch6ron  and  Moreau-Wolf.| 

They  give  the  results  of  the  treatment  in  nine  successful  cases. 
Their  method  of  treatment  was  to  direct  a  galvanic  current  from  ten 
to  twenty-four  cells  of  Remak»  through  the  tumor,  from  two  to  eight 
minutes.  Sometimes  the  positive  pole  was  placed  on  the  most  pain- 
ful point  of  the  swelling,  and  the  negative  ou  the  spermatic  cord.  The 
authors  regard  the  ascending  current  (up  the  cord)  more  effective  than 
the  descending. 

Most  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  applications. 

The  great  advantage  which  the  authors  claim  for  this  method  of 
treatment  in  orchitis  is,  that  the  patient  is  not  obliged  to  suspend  his 
daily  duties ^  since  absolute  repose  is  not  necessary. 

Ckronic  orchitis  of  six  months'  standing  in  a  syphilitic  patitnt — Appr^ximatt  re- 
covtry  under  external  galvanisation  and  faraditoHon. 
CaseCLII. — Mr  W.,  ageU  28,  consulted  us  in  October,  1870,  for  aii  enlarge- 
ment of  the  left  testicle  that  had  troubled  him  for  six  tnonihs.  It  was  about  twice  the 
Bze  of  the  right  testicle.  There  was  no  pain,  but  a  constant  sense  of  weight.  The 
patient  was  suffering  from  secondary  syphilis,  and  had,  in  times  past,  repeatedly  expe- 
rienced attacks  of  gonorrhcea.  Stable  galvanization  with  a  current  that  was  com- 
fortably borne  was  employed  for  ten  minutes,  the  positive  pole  being  applied  over  tht 
testicle  at  different  points,  and  the  negative  pole  over  the  spermatic  cord.  The  patient 
stated  that  the  testicle  felt  leas  disagreeable.  In  two  days  there  was  an  apparent 
diminution  in  sixe.  Three  more  similar  applications  and  one  faradization  produced 
an  almost  complete  recovery. 


Enlargement  of  the  Prostate. — The  electrical  treatment  of  hyper- 
trophy of  the  prostate  has  been  studied  by  Tripier,|  who  has  demon- 
strated that  the  effect  of  faradization  of  this  organ  when  enlarged  is  to 
I  cause  resolution.  The  rationale  of  the  treatment  is  substantially  the 
satne  as  for  analogous  conditions  of  the  uterus.  The  subject  is  one 
•  Chemiich-Electrische  Heilwerke,  Letpeig,  1853. 
f  Du  Traicement  de  I'Orchlte,  par  {'application  iei  cooisati  cootinos  coiutaBt% 
Paris  1869. 
1  Manael  d'£lectrotherapie,  p.  567, 


^o 


DISEASES  OF  THE  GENTTO- URINARY  ORGANS. 


that  deserves  investigation  Either  the  galvanic  or  the  faradic  curren, 
may  be  employed.  One  pole  may  be  applied  internally  by  means  of 
an  insulated  catheter  electrode  or  sound,  and  the  other  in  the  rectum 
against  the  prostate,  by  means  of  a  rectal  electrode.  We  have  treated 
one  case  of  enlarged  prostate  by  internal  and  external  faradization. 
The  patient,  a  medical  gentleman  about  sixty  years  of  age,  was  seen  and 
examined  by  Dr.  Gouley,  who  confirmed  the  diagnosis  of  enlarged  pros- 
tate. We  treated  him  a  number  of  times  by  external  faradization- 
one  pole  on  tlie  symphysis  pubis  and  the  other  on  the  perinseum — and  by 
internal  faradization,  one  pole  in  the  rectum — insuJated  except  at  the 
point  where  it  came  near  the  prostate — and  the  connection  made  in  the 
prostatic  portion  of  the  urethra,  by  a  flexible  sound,  passed  through  a 
gum  elastic  catheter,  according  to  the  suggestion  of  Dr.  Gouley.  Applied 
in  this  way  the  electrodes  were  very  near  to  each  other  and  in  sensitive 
localities,  and  only  very  feeble  currents  could  be  borne,  and  sometimes 
slight  hemorrhage  followed  the  treatment  in  spite  of  all  the  caution  that 
was  exercised.  It  was  found  impossible  to  use  sufficiently  strong  cur- 
rents by  this  method  to  produce  any  effect,  and  again  we  returned  to 
partly  external  faradization.  This  treatment,  which  seemed  to  aggravate 
a  cystitis  that  existed,  was  abandoned. 

Dr.  Mittcndorf,  of  this  city»  infonns  us  that  he  has  obtained  decided 
results  in  enlargement  of  the  prostate,  in  two  cases.  He  used  external 
faradization — one  pole  over  the  symphysis  pubis  and  the  other  at  the 
perinaeum. 

Diseases  of  the  Rectum. — Electrization  has  been  used  (or prolapsus 
ant,  paralysis  of  the  sphincter^  and  hemorrhoids. 

The  curient  can  be  very  well  localized  in  the  rectum  by  means  of  a 
rectal  electrode  (see  p.  531),  which  mayor  may  not  be  partly  insu- 
lated. The  rectum  is  but  little  sensitive,  and  will  bear  strong  cur- 
rents. The  rectum  may  also  be  treated  by  a  double  rectal  exciter, 
analogous  to  that  which  is  used  in  the  bladder.  When  a  single  electrode 
is  used,  one  of  the  poles  should  be  placed  on  the  spine. 

/y*>^«<7xw.— Paralyses  of  the  sphincter  that  depend  on  local  disease, 
like  paralysis  of  the  bladder  depending  on  the  same  cause,  rarely  oflfer 
a  perfectly  favorable  prognosis. 

In  prolapsus  am  Benedikt  *  claims  a  few  mostly  good  results.  We 
have  treated  one  long-standing  case  without  benefit. 

Hemorrhoids.-^VWtSi  external  and  internal,  may  be  treated  by  both 
currents  applied  internally.  Relief  of  itching^  pain,  and  pennanent  itn- 
provenient  in  the  tone  of  the  parts  are  derived  from  this  treatment 

*  Op.  cit.,  p.  48a. 
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The  disease  of  the  laiynx,  for  which  electrization  has  been  almost 
exclusively  used,  is  aphonia^  a  condition  which  arises  from  many  morbid 
states. 

Anamia  and  Inflammation. — ^Extemal  electrization  of  the  throat  is  of 
sernce  as  an  adjunct  in  the  treatment  of  inflamed  and  irritable  con. 
ditions  of  the  larynx,  but  only  in  rare  cases  has  it  been  thus  employed. 
We  have  found  that  faradization  of  the  neck,  for  from  two  to  five 
minutes,  has  an  appreciable  and  agreeable  effect  in  diminishing  the 
irritation  produced  by  cauterization,  and  when  continued  exerts  a  tonic 
influence  on  the  organ.  In  cases  of  diseases  of  the  larynx,  connected 
with  hysteria  or  anaemia,  the  local  treatment  is  materially  aided  by 
general  faradization. 

Subacute  and  chronic  inflammations  of  the  pharynx  are  also  treated 
with  some  success  in  the  same  way,  and  on  the  same  principles. 

Method  of  External  Electrization. — The  lar)'nx  may  be  electrized  ex- 
ternally by  various  positions  of  the  electrodes.  One  pole  may  be  placed 
at  the  back  of  the  neck  and  the  other  just  above  the  manubrium  sterni, 
or  the  poles  may  be  pressed  against  the  larynx  by  the  inner  border  of 
the  siemo-cleido-mastoid  muscle,  or  one  of  the  poles  may  be  in  the 
hand  of  the  patient.  These  methods  are  best  adapted  for  the  pur- 
poses of  producing  a  sedative  or  tonic  effect  on  the  inflamed  and  irrita- 
ted membranes.  We  have  frequently  used  this  treatment,  for  about 
five  minutes  after  the  application  to  the  larynx  of  irritating  caustics, 
with  satisfactory  results.  There  is  no  question  that  the  faradic  current, 
employed  perseveringly  by  these  methods,  and  in  cases  of  anaemia  and 
general  debility,  by  general  electrization,  will  alone  accomplish  some- 
thing in  anasmia,  subacute  inflammations,  and  nervous  debility  of  the 
larynx. 

Aphonia  —There  are  few  local  disorders  that  yield  more  uniformly  or 
readily  to  any  method  of  treatment  than  aphonia  to  electrization.  In 
3rder,  however,  to  form  a  correct  idea  of  its  value  in  these  cases,  or  tc 
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intelligently  communicate  the  results  of  electrical  treatment,  it  isnece& 
saiy  to  have  not  only  a  knowledge  of  the  general  nature  of  the  disease 
but  to  appreciate,  so  far  as  possible,  the  exact  pathological  condition 
of  each  individual  case.  Above  all,  it  is  necessary  to  decide  whethei 
the  symptom  is  of  an  organic  or  of  the  so-called  functional  character. 
Mackenzie,  who  has  had  an  extended  experience  in  nervous  affections 
of  the  larynx,  and  their  treatment  by  electrization  and  otherwise,  adopts 
the  following  nomenclature  of  iRe  paralyses  of  the  muscles  acting  on 
the  vocal  cords  :  * 

1.  Bilatertd  paralysis  of  the  adductors. 

2.  Unilateral  paxalyiis  of  the  adductors. 

3.  Bilateral  paralysis  of  the  abductors. 

4.  Unilateral  paralysis  of  an  abductor, 

5.  Paralysis  of  the  tensors. 

6.  Paralysis  of  the  laxors. 

Thzjirtt  of  the  above-men tiooed  pathological  conditions  of  aphonia  is  supposed  to 
depend  most  frequently  upon  hysteria  and  debility,  and  readily  yields  to  treatment. 
In  these  cases,  liowcver»  which  aie  too  frequently  but  the  local  nianifeslation  of  a  con- 
stitutional disorder,  it  has  been  our  custom  to  rely  on  general  as  well  as  localised 
eleciriiaiion. 

Central  difficulty  is  rarely  a  cause  of  bilateral  paralysis  of  the  adductors,  but  it  is  not 
uncommon  in  certain  stages  of  phthisis.  In  37  cases  of  phthisis  examined  by  Macken- 
zie, it  which  the  voice  was  afTected,  he  found  that  in  26  there  was  thickening  or  con- 
gestion of  the  mucous  membrane  of  I  he  larynx^  while  in  ii  the  affection  was  purely 
functional.  Aphonia,  then,  coexisting  with  pulmonary  tuberculosis,  may  often  be 
readily  relieved  by  ktcal  treatment  alone. 

Hysteria  and  debility  are  not  so  frequently  the  cause  of  unilateral  paralysis  of  the 
adductors  as  of  the  tir&t-named  condition.  This  second  cause  of  aphonia,  however, 
may  be  due  not  only  to  phthisis,  but  to  toxaemic  jwisonmg,  to  syphilis,  to  cold,  to 
muscular  strain,  and  even  to  cerebral  disease.  We  would  naturally  infer  that  this 
form  of  aphonia  would  be  more  persistent  than  the  first-named. 

Clinical  experience  has  confirmee!  this  inference. 

Bilateral  paralysis  of  the  abductors  of  the  vocal  cords  has,  unfortunately,  for  its 
causation,  in  the  majority  of  cases,  some  central  difficulty. 

The  prognosis  is  of  course  most  serious,  but  fortunately  this  condition  is  very  rarely 
met  with.  Unilateral  paralysis  of  an  abductor,  although  depending  on  the  same  gen- 
eral cause  as  the  bilateral  form,  yet,  more  frequently  than  the  last-named,  it  is  excited 
by  some  peripheral  irritation,  as  pressure  On  the  pneumogostric  nerve,  or  upon  one 
recurrent  nerve,,  by  an  aneurism  of  the  arch  of  the  aorta.  The  prognoas  in  these 
cases  is  also  unfavorable. 

Paralysis  of  the  tensors  and  laxors  (both  the  bilateral  and  unilateral  form)  are  sup« 
posed  to  result,  in  the  majority  of  cases,  from  a  too  prolonged  or  violent  use  of  the 
voice.     Both  are  said  to  be  quite  amenable  to  treatment. 

•  On  the  LAryngosrope,  etc.,  p.  183.  Also  Hoarseness,  Loss  of  Voice,  and  Strid 
■Iaus  Breathing,  in  Relation  to  Nervo- Muscular  Affections  of  the  Larynx.  t86& 
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bpasm  of  the  muscles  controlling  the  vocal  cords  is  an  additional 
•cause  of  aphonia. 

Tr£a/mfn/.— Mackenzie's  method  is  to  make  the  application  directly 
to  ihe  cords  by  means  of  laryngeal  electrodes  (p.  632)  devised  by  him. 
He  uses  the  faradic  current. 

The  direct  application  of  electricity  to  the  vocal  cords  is  undoubtedly 
more  efficacious  in  restoring  loss  of  voice  than  simple  external  appli- 
cation. This  latter  method  is,  however,  underrated  when  it  is  said  that 
it  "  seldom  restores  Ihe  voice  when  it  has  been  lost  any  length  of  time." 
Several  cases  that  we  have  treated  at  various  times  illustrate  very  deci- 
dedly the  beneficial  results  that  may  follow  external  applications,  even  in 
cases  where  the  disorder  has  persisted  several  months.  We  are  the 
more  gratified  to  be  able  to  make  this  statement  from  the  fact  that  the 
external  is  much  more  readily  performed  by  the  operator  than  the  inter- 
nal application,  and  is  far  more  agreeable  to  the  patient.  It  is  far  better 
al  first,  in  all  ordinary  cases,  to  make  use  of  the  external  method  \  and  if 
it  does  not  succeed,  it  is  time  enough  to  resort  to  the  direct  application. 
The  instrument  of  Mackenzie  is  thus  described  in  his  own  words  : 

"  It  consists  of  two  parts,  viz.,  the  necklet,  which  the  patient  wears, 
and  to  which  one  chain  of  the  battery  is  attached,  and  the  laryngeal 
electrode  itself,  which  is  connected  with  the  other  conductor.  The 
-electrode  is  so  constructed  (see  cut)  that  the  current  does  not  pass 
beyond  a  certain  point  until  the  pole  is  seen,  in  the  laryngeal  mirror, 
to  be  u^Mjn  the  vocal  cords,  when  the  operator  touches  a  little  spring  in 
the  handle,  and  the  current  immediately  passes  through  the  laryngeal 
muscles.  The  necklet  should  be  worn  rather  low,  so  that  it  covers  the 
sides  of  the  cricoid  cartilage,  and  the  space  between  it  and  the  thyroid. 
In  this  way  the  lateral  adductors  of  the  cords  (crico-arytenoidei  laterales) 
can  be  most  easily  reached;  and  the  arytenoideus  proprius,  or  central 
adductor,  may  be  electrified  by  placing  the  pole  on  the  posterior  sur- 
face of  the  arytenoid  cartikges. 

"  I  generally  keep  the  pole  in  the  larynx  for  three  or  four  seconds 
;ach  time  it  is  introduced,  and  pass  a  succession  of  short,  rapid  shocks 
through  the  larynx  ;  and  at  each  sitting  I  apply  the  pole  to  the  interior 
ll  of  the  larynx  three  or  four  times." 

■  Mackenzie  is  of  the  opinion  that  the  effects  are  of  a  reflex  as  well  ai 
I             direct  character. 

■  Meyer  *  reports  successful  results  in  the  treatment  especially  of  hy» 

■  terieal  aphoiia  by  iJie  electric  moxa,  applied  to  the  Urynx. 


*  Op.  dL,  p.  436  et  leq. 
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trical  or  otherwise,  may  cause  instantaneous  cure.  Some  of  the  most 
brilliant  achievements  of  mesmemers  and  of  those  who  practise  laying 
on  of  hands  and  other  flummeries,  have  been  made  in  hysterical  aphonia. 
Kind  of  Current  to  be  Employed. — For  electrization  of  the  larynx, 
"»«emally  and  internally,  both  currents  have  been  used  with  success. 


UUUTATION   OF   THE    MUSCLES    OF   THE    LARYNX.* 

Cricothyroid. — This  muscle  may  be  caused  to  contract  by  applying 
pointed  electrodes  by  the  conoidal  ligament  The  eflfect  of  the  con- 
traction is  to  cause  the  annular  and  thyroid  cartilages  to  approach 
each  other. 

Arytenoid  Transverse^  at  the  posterior  surface  of  the  arytenoid  carti- 
lages. The  effect  of  the  contraction  of  the  muscles  is  to  cause  the 
cartilages  to  approach  each  other. 

Cricoarytenoid  and  Thyroarytenoid  musclesy  in  the  sinus  pyriformis, 
between  the  posterior  border  of  the  thyroid  cartilages  and  the  plate  or 
surface  of  the  cricoid  cartilages. 

Crico-arytcnoid  Posterior  (dilator  of  the  glottis),  downward  and  back- 
ward from  the  sinus  pyriformis. 

Crico  arytenoid  lateralis^  in  the  sinus  pyriformis  on  the  exterior 
border  of  the  suiface  of  the  annular  cartilage.  Contraction  of  these 
muscles  produces  rotation  of  the  cartilages  of  the  larynx,  with  move- 
ment of  the  vocal  cord  toward  the  median  line. 

Tliyro  arytenoid^  beneath  the  anterior  superior  border  of  the  crico- 
arytenoideus  lateralis.  Contraction  of  this  muscle  brings  the  cartilages 
of  the  larynx  forward  and  downward,  and  narrows  the  glottis. 

Thyroepiglottic  and  ary-epiglottie  muscles,  at  the  border  of  the  epi- 
glottis. 

Prognosis  in  Aphonia, — ^The  prognosis  in  aphonia  depends  entirely 
on  the  pathology.  In  functional  (bilateral  paralysis  of*  the  adductors) 
aphonia  the  prognosis  is  more  favorable  than  in  almost  any  other  dis- 
ease that  is  known  to  science.  The  majority  of  cases  will  recover, 
whether  external  or  internal  applications  are  used,  although  Mackenzie 
contends  that  the  recovery  is  much  surer  and  speedier  than  when  only 
internal  applications  are  used.  He  says,  out  of  more  than  tivo 
hundred  such  cases  he  has  succeeded  in  all  except  four.  In  some 
of  these  cases  the  aphonia  was  of  six,  seven,  and  even  eight  year^ 
standing. 

*  Th«  subject  of  direct  dectrizatbn  of  the  laryngeal  miucles  has  been  studied  fa| 
Zifemssen.     Elektricit&t  in  der  Medicin,  1866. 
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In  uniiatcral  paralysis  of  the  adductors  the  prognosis  is  good  when 
the  origin  is  local,  and  bad  when  it  is  central. 

In  bilateral  paralysis  of  the  abductors  and  unilateral  paralysis  of  the 
abductor  the  prognosis  is  unfavorable. 

lx\  paralysis  of  the  tensors  of  the  vocal  cord  the  prognosis  is  usually 
favorable. 

\n  paralysis  of  the  laxors  of  the  vocal  cord  the  prognosis  is  on  the 
whole  favorable,  but  much  time  is  required 

Aphonia  c/fow  wtonthf  standings  caused  by  exposure  to  eotd^Reeovtry  after  tkrtt 
externai  faraditattons. 

Cask  COIL — MissF.,  a  robust  young  lady  of  iS,  consulted  o«  b  October,  1S6S, 
for  A  persistent  and  an  almost  complete  aphonia,  from  which  she  had  been  niffer> 
ing  without  any  relief  for  four  months. 

She  stated  that  on  the  evening  of  the  attack  she  was  enjoying  a  sail  with  a  party 
of  young  friends  on  one  of  our  rivers.  She  had  for  some  time  previously  complained 
of  di^t  irritation  of  throat,  but  it  caused  but  little  annoyance.  The  evening  was 
wmewhat  damp,  and  the  patient  carelessly  uncovered  her  head  during  the  whole  time 
the  party  remained  in  the  boat.  While  singing,  and  endeavoring  to  strike  a  very 
high  note,  she  fett  as  if  something  in  her  throat  had  "relaxed  or  suddenly  given 
way."  For  one  week  she  remained  so  completely  aphonic  that  she  could  not  ulter 
an  intelligent  word.  In  the  coarse  of  another  week,  however,  she  could  speak  at 
times  so  as  to  be  understood,  but  only  with  considerable  difficulty,  and  not  above  a 
9try  feeble  whisper.  At  tins  point  all  improvement  ceased,  and  no  form  of  medica- 
tion, or  external  or  internal  application,  seemed  to  be  of  any  benefit  whatever. 
Laryngoscopic  examination  revealed  the  following  condition  of  the  parts  affected ; 
On  attempting  to  speak  the  right  vocal  cord  remained  almost  if  not  quite  motionless 
while  its  fellow  approached  the  median  line.  It  was  evident  firom  the  feeble  and 
imperfect  working  of  the  !ef^  cord,  that  it  also  was  considerably  involved  and  doubt* 
less  had  been  completely  paralyzed.  The  surrounding  tissues  were  considerably 
congested 

The  negative  electrode  was  placed  upon  the  spine,  between  the  shoukler-bbde^ 
and,  using  our  fingers  as  electrodes,  we  passed  a  steady  current  through  the  neck 
for  about  ten  minutes.  At  the  conclusion  of  the  stance,  the  patient  could  speak 
in  quite  a  lout!  whisper,  and  a  second  examination  with  the  laryngoscope  revealed 
the  fact  that  the  right  vocal  chord  perceptibly  approached  the  me>]ian  line  during  the 
act  of  phonation .  The  voice  of  the  patient  gained  strength  rapidly,  until,  in  four 
days,  and  after  receiving  but  two  similar  applications,  she  was  able  to  speak  as  loud 
and  sing  as  vigoronsly  as  ever. 

Apktnia  following  dif^keria — Rapid  recoxftry  under  dir^t  Jamditaiicn  »f  ikt 
muKtet  of  the  glottis. 

Cass  CLIV.—  Miss  G.,  aged  22,  and  suffering  from  functional  aphonia  sobaeqoenr 
to  a  slight  diphtheritic  attack,  consulted  us  in  the  spring  of  '71.  Her  inability  to 
speak  alxjvc  a  whisper  had  existed  some  two  weeks. 

Examination  with  the  laryngoscope  revealed  bilateral  paralysis  of  the  musdei^  clo» 
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i»g  the  glottis,  with  a  slightly  congested  condition  of  the  surrounding  dssues.  Th« 
patient  was  anxemic,  and  excessively  nervous,  and  in  the  treatment  we  alternated  gen- 
eral faradization  with  direct  faradization  of  the  muscles  of  the  glottis. 

The  ionic  effects  of  these  applications  were  soon  manifest,  not  only  in  the  laryngeal 
mii!>cles,  but  upon  the  system  generally  as  well. 

She  gained  rapidly  in  nervous  vigor,  and  within  two  weeks  her  strengtli  of  voioo 
entirely  returned. 

Dr.  F.  L  Knight»*of  Boston,  has  reported  a  case  of  complete  paralysis 
of  one  recurrent  laryngeal  nerve,  and  partial  paralysis  of  the  other,  that 
was  benefited  by  the  galvanic  current  locally  applied. 

The  following  case  we  transcribe  froiu  Mackenzie's  work : 

Dysphonia  of  a  year's  duration^  from  paralysis  of  tht  laxort  of  tfu  right  vocat  cor4 

eured  by  eleetricity. 

'■'■  Madam  C ,  aged  34,  a  professional  singer,  consuited  me  in  May,  1S65,  on 

account  of  a  difficulty  she  had  experienced  during  the  last  year  in  forming  her  lower 
notG.  Her  voice  in  the  ordinary  way  extended  from  d  above  the  line  to  a  bdow.  A 
year  ago  she  first  experienced  slight  difficulty  in  forming  the  lower  a,  and  in  Januar> 
she  could  not  reach  t)eyond  S.  During  the  last  two  months  she  hod  not  been  able  to 
sing  at  all,  even  in  private.  She  broke  do%vn  directly  she  attempted  even  a  few 
Botes.  She  attributed  the  loss  of  power  to  a  strain,  as  she  first  noticed  the  difficulty 
After  the  performance  of  a  long  and  trying  cantata,  wliich  had  been  twice  encored. 
At  the  time  blie  had  experienced  'a  stinging  sensation,  extending  from  the  right  side 
of  the  throat  up  towards  the  ear.' 

'*  She  had  been  constantly  under  treatment  since  her  voice  first  becama  affected. 
The  only  thing  which  had  seemed  to  do  her  good  was  a  solution  of  caustic  applied  to 
the  throat  with  a  piece  of  sponge  at  the  end  of  a  whalebone  rod.  But  though  this 
treatment  always  gave  temporary  relief,  there  was  no  permanent  improvement.  On 
making  a  laxjmgoscopic  examination,  the  paralleltim  between  the  vocal  cords  was  seen 
to  be  lost,  the  right  cord  curving  away  in  the  centre  from  the  median  line. 

**The  treatment  (direct  electrization  of  the  right  vocal  cord)  was  long  and  tedious 
in  this  case.  At  tb^  end  of  six  weeks  there  did  not  appear  to  be  any  improvement, 
and  I  stould  have  given  it  up  had  not  the  patient  most  earnestly  b^ged  of  me  to 
continue  a  little  longer.  1  was  glad  that  1  did  so,  fur  a  fortnight  later  the  patient 
perceived  a  marked  improvement  in  the  voice.  In  order  to  test  the  voice  I  used  to 
allow  the  patient  to  sing  a  few  notes  once  a  week,  but  at  no  other  time.  At  the  end 
of  three  months  the  voice  was  decidedly  improved,  and  the  following  autumn  the 
voice  was  so  completely  restored  that  the  lady  was  able  to  accept  an  engagement 
in  Madrid." 

Spasmus  Glottidis  (Laryngismus  Stridulus — Spasm  of  the  Glot- 
tis.)— In  this  affection,  which  is  acknowledged  to  be  of  a  nervous  char- 
acter, electrical  treatment  is  indicated  on  the  same  principles  on  which 
it  is  indicated  in  torticollis^  writer's  cramps  and  facial  spcum. 

The  disease  is  caused  by  any  influences  that  depress  the   system. 

•  See  Archives  of  Electmlog)-  and  Neurology,  May,  187^ 
37 
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In  children  it  may  arise  b}  reflex  action  from  the  irritation  of  Icethiiag 
or  of  worms  ;  in  adults  it  is  often  an  accompaniment  of  hystena,  and 
arises  from  diseases  of  the  sexual  organs. 

Treatment. — General  faradization  and  galvanization  of  the  sympa- 
thetic, and  external  galvanization  and  faradization  of  the  larynx  by  any 
of  the  methods  previously  described, 

Tobold  reports  success  with  peripheral  and  central  galvanization  in 
this  disease.  A  strong  maiden,  23  years  of  age,  who  was  attacked  regu- 
larly every  night  with  severe  spasms  of  the  larynx,  was  entirely  cure 
in  four  weeks  by  galvanization. 

Nervous  Cough. — Electrical  treatment  is  sometimes  excellent  for 
nervous  cotighs  of  various  kinds.  External  faradization  or  galvaniza- 
tion or  central  galvanization  are  indicated. 

The  following  uuiquc  case  may  as  well  be  inserted  here  : 


Spasmodic  eettgh,  uniqut  in  character,  and  of  unusual  persistency  and  severity-^ 
Recovery  under  central  galvanitation^ 

Case  CLV,  — Miss  H.,  aged  16,  was  transferred  lo  our  care  by  the  family  physi- 
dan,  Dr.  H.  H.  Gregor)',  The  case  is  an  example  of  an  unusually  susceptible  ncrvout 
organiialion,  and  is  a  gowl  illustration  of  the  readiness  with  which  many  so-called 
nervous  symptoms  change  their  seat  and  character.  The  distinct  and  positive  featurei 
that  stand  so  boldly  relieved  in  the  progress  of  this  particular  case,  may  serve  to  ex- 
plain the  more  i>ubtle  and  less  marked  changes  of  s}'mptoms  that  so  often  occur  ia 
certain  nervous  diatheses,  only  to  perplex  and  to  set  at  naught  the  resources  of  thera- 
pcuiics.  The  patieut  was  a  lively,  impressible  girl,  prone  10  physical  indiscretions, 
and  careless  of  consequences.  She  had  suffered  for  a  number  of  years  from  frequent 
■nd  unusually  severe  attacks  of  sick- headache,  but  as  soon  as  the  paroxysm  had  pass 
away,  she  regained  her  usual  strength  and  buoyancy.  Tlie  sudden  and  unexpected'' 
death  of  a  sister,  naturally  enough,  stirred  up  her  emotional  nature  to  its  depths,  and 
together  wilh  an  imprudent  exposure  of  her  person  lo  cold  and  dampness,  seemed  to 
be  the  exciting  cause  of  a  most  remarkable^  ixrsistent,  and  distressing  cough,  which^ 
slight  at  first,  reached  its  height  in  seventy  in  the  month  of  March,  1S72.  Amid  the 
numberless  efforts  that  were  made  by  both  internal  medication  and  inhalations,  but 
one  remedy  seemed  to  be  of  the  slightest  service.  For  a  lime  the  paroxysms  seemed 
to  abate  somewhat  under  the  influence  of  chloral,  alihougli  no  permanent  benefit  was 
derived  from  it*  use.  When,  during  the  latter  part  of  July,  we  first  saw  the  case, 
through  the  kindness  of  Dr.  Gregory,  the  following  was  the  prominent  rharacteristic 
of  her  paroxysmal  attaclts :  Every  one  will  instantly  recognize  the  pcculiir  harsh  01 
grating  sound  which  is  so  often  elicited  by  the  downward  thrust  of  a  saw  that  is  im- 
properly handled  or  insufficiently  oiled.  The  cough  of  our  patient  exactly  simulate 
this  wund,  and,  when  it  first  fell  upon  our  ears,  we  supposed  that  some  one  was  saw- 
ing in  the  adjoining  room. 

During  a  paroxysm,  the  expiral^ry  eiSbrts  were  just  one  a  second  in  frequency,  v4 
Irom  a  dozen  to  sixty  in  number. 

The  violence  of  the  attack  would  rack  hei  terribly,  and,  when  prolonged,  was  foI« 
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lowed  by  considerable  exhaustion.  The  paroxysms  themselves  occLjred  so  iften, 
tome  twenty  or  twenty-five  times  daring  the  t wen ly-foar hoars,  that  she  was  leces- 
«uily  obliged  to  give  up  all  attendance  at  places  of  public  resort,  and  confin;  her- 
self mosily  at  home. 

On  a<:cnunt  of  our  absence  from  the  city  most  of  the  month  of  Anjfust,  the  pa- 
tient was  not  fairly  submitted  to  our  treatmeol  until  September.  We  then  submitted 
her  to  a  thoiough  Lryngoscopic  examination,  and  found  nothing  abnormal,  with  the 
exception  of* a  slight  tendency  to  congestion  of  the  local  cliords.  To  dissipate  any 
doubt  in  regard  to  the  existence  of  pulmonary  disease,  the  patient  was  thoroughly  ex- 
•roined  by  Dr.  Austin  Flint,  who  pronounced  the  lungs  to  be  in  a  healthy  conditIoii« 
and  agreed  as  to  the  essentially  nervous  origin  of  the  symptoms. 

In  the  treatment  of  the  case  by  central  galvanisation  we  were  gratified  to  observe, 
after  the  first  few  tentative  applications,  au  appreciable  improvement  in  the  charac* 
ter  of  the  cough.  Instead  of  that  harsh  and  painful  sound,  resulting,  as  we  believed, 
from  the  exceedingly  tense  condition  of  the  vocal  chords,  the  cough  assumed  a  softer 
or  looser  character,  and  was  much  less  disturbing ;  this  we  conceived  depended  on 
the  decreased  local  spasmodic  action.  Freed  from  wearisome  details,  the  subsequent 
history  of  the  case  is  included  in  the  simple  statement  that  the  patient  improved  from 
time  to  time,  until,  after  two  months  of  treatment,  and  the  administration  of  sttOw 
thbty-five  applications,  the  recovery  was  perfect. 

Two  years  have  now  elapsed  since  recovery^  but  the  patient  remaiiu  well. 

In  the  case  of  a  yovmg  girl  sent  to  us  by  Dr.  Learning,  there  was  a 
nervous  cougii  that  perfectly  resembled  the  barking  of  a  dog.  Laryn- 
goscopic  exaniinaiion  revealed  nothing  to  account  for  the  strange  symp- 
tom.    Electrical  treatment  accomplished  nothing. 

Hypemsth€sia  of  the  Larynx, — Cases  of  this  disease  have  been  re- 
ported by  Gerhard!  and  Hanfield  Jones.  They  may  be  either  constant 
or  intermittent.     The  following  case  is  quite  remarkable : 

Hyperastkesia  of  larynx  with  nervous  aphonia  af  one  year's  standing — No  visi- 
ble lesion^  but  slight  tubercultnts  deposit  on  lung — Great  pain  fr9tn  talking — 
No  Relief  under  central  and  local galvanitation. 

Case  CLVI. — Miss  B ,  a  young  lady  from  Chicago,  was  referred  to  us  by  Dt 

Johnson,  of  that  city,  December  i6,  1871. 

The  patient  was  of  a  delicate,  thoroughly  American  type,  but  no  more  ner%ous  than 
thousands  of  our  countrywomen. 

For  one  year  she  had  sofTered  from  absolute  aphonia.  The  lar>'ngoscopic  examina- 
tion of  Dr.  Johnson,  her  physician  in  Chicago,  and  of  others,  indicated  no  local  lesion 
tliat  could  well  account  for  her  symptoms,  although  a  slight  tuberculous  deposit  of  a 
pasRve  and  stationary  character  was  detected  by  Dr.  Clark  in  one  hmg.  All  the 
accompanjdng  symptoms  pointed  to  a  nervous  origin  of  her  disease.  The  hyperasthesia 
aras  very  remarkable.  The  patient  said  the  pain  from  whispering  was  so  great  tha.*, 
••  when  I  try  to  whisfwr  I  suffer  terribly,  become  dizcy,  and  have  pain  in  my  ear."  *• 
often  feel,"  she  continued,  "  as  if  every  word  I  whispered  grated  on  the  Tocal  oonu^ 
and  to  laugh  would  make  the  cords  ache,''*  Almost  continiMlly  there  was  pain  in  tbs 
throat,  and  on  this  account  her  nights  were  wakefoL 
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The  evidence  wti  pretty  dear  that  the  nerves  supplying  the  larynx  wert  in  «  cod 
dition  oF  great  hyper^^esthesia,  producing  a  condition  anilogous  to  vaginismoss. 

In  Chicago  Dr.  Johnson  had  used  electrical  treatment,  with  a  view  to  excite  the 
action  of  the  cord,  without  benefit.  Stable  galvanization  was  osed,  mainly  with  tite 
view  of  calming  the  irritability  and  reducing  the  hyperesthesia,  but  without  success, 
In  about  a  month  the  patient  went  South  for  the  winter,  and  we  have  not  seen  her 
since  that  time. 

One  amongst  other  interesting  points  in  this  case  is  the  clinical  proof  afforded  of  th« 
nervous  connection  of  the  vocal  cords  with  the  meatus  auditorius  aitd  membran* 
tympanl  The  anatomical  explanation  of  the  phenomenon  recorded  here  i»  to  be 
found  in  the  dirtet  communication  existing  between  the  auricular  nerves  (fir^t  described 
by  Arnold)  and  the  sensitive  fibres  which  eater  so  largely  bto  the  cotnpositioa  of  tb« 
Duin  trunk  of  the  pneumogastrics. 


Anasthesia  of  the  Larynx. — This  is  an  aflfectioii  but  rarely  observed. 
It  would  be  most  likely  to  occur  from  injury  of  the  pneuinogastric 
nerves  of  their  laryngeal  branches. 

It  is  rational  to  suppose  that  anaesthesia  of  the  larynx  might  be  toe- 
cessfully  treated  by  electrization  in  its  various  forms,  on  the  same  priiv 
ciples  that  this  morbid  ccndition  is  treated  in  other  parts  of  the  body. 
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For  two  reasons  the  diseases  of  the  eye  are  not  quite  as  amenable  tc 
electrization  as  corresponding  or  analogous  diseases  in  some  other  parti 
of  the  body. 

First.  The  anatomical  position  of  the  eye  is  such  that  the  cuirent 
cannot  be  directly  localized  in  some  of  its  parts  ;  and  secondly^  the  ap- 
plication of  a  very  strong  current  is  sometimes  contra-indicated  by  the 
sensitiveness  of  the  conjuinctiva,  and  the  possible  injury  that  may  be 
done  to  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye — 
the  conditions  of  the  organ  that  are  most  frequently  treated  by  elec- 
tricity— cannot  be  as  successfully  subjected  to  electro-diagnosis  or 
therapeutics  as  the  same  conditions  of  many  other  muscles,  although 
therapeutic  results  in  many  instances  of  a  decided  character  are  obtained 
from  electrization  of  the  paretic  or  paralyzed  muscles. 

The  principal  diseases  of  the  eye  for  which  electricity  has  been  cm* 
ployed  with  more  or  less  success  arc  : 
Paralysis  of  the  MuscUs, 
Asthtnopia^ 

Retinal  Hyperetsthesia^ 
Amaurosis  and  Amblyopia^ 
Spasm  of  tht  Lid^ 

Electrization  of  the  i^y^.— The  electric  current  affects  the  eye  both 
directly  and  through  reflex  action  from  the  fifth  pair,  and  also  through 
the  sympathetic.  As  has  been  stated,  the  anatomical  position  of  the 
eye  within  its  bony  cavity  makes  it  impossible  to  reacli  all  its  parts  as 
directly  as  could  be  desired  ;  while  the  exceeding  delicacy  of  its  struc- 
ture makes  it  at  least  very  difficult  to  make  the  applications  imme- 
diately to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  for  ex- 
ample, by  pressing  one  large  positive  electrode  over  the  closed  eye, 
and  the  other  at  the  occiput  or  by  the  side  of  the  head  above  the  cheek- 
bone ;  or  one  of  the  electrodes  may  be  held  in  the  hand.  When  it  if 
desired  to  produce  chemical  changes  in  the  eye  this  stable  method  ol 


Ptosis, 

Opacities  of  the  Cornea^ 

Photophobia^ 

Myosis  and  Mydriasis^ 

and  Neuro-retinitis. 
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application  may  be  used  for  some  time.  Placing  the  positive  pole  oo 
the  forehead  or  in  the  auriculo-raaxillar>'  fossa,  the  superior  oblique  may 
be  excited  with  the  negative  pole  on  the  upper  and  inner  part  of  the 
orbit  J  the  inferior  oblique  and  rectus  internus  near  the  inner  angle  of 
the  eye  on  the  side  of  the  nose ;  the  rectus  externus  at  the  outer  angle 
of  the  eye ;  the  rectus  superior  at  the  upper  part,  and  the  rectus  in- 
ferior at  the  lower  part  of  the  eyeball.  Galvanization  of  the  eye  with 
interrupted  currents  to  affect  the  muscles  should  usually  be  short,  but 
stable  or  labile  faradization  with  large  electrodes  may  sometimes  be 
made  for  a  much  longer  time — three  to  ten  minutes. 

Paresis  (exhaustion)  or  paralysis  of  the  muscles  of  the  eye  may  arise 
trom  cerebral  lesions,  or  may  be  of  a  peripheral  character.  Locomotoi 
ataxia  is  frequently  preceded  or  accompanied  by  disorders  of  the  mus- 
cles of  the  eye. 

For  the  purpose  of  affecting  the  muscles  of  tlie  eye  the  galvanic  cur- 
rent is  usually  superior  to  the  faradic  A  small  number  of  cells,  from 
ten  to  fifteen,  are  usually  sufficient.  Galvanization  of  the  sympathetic 
should  also  be  tried  in  those  cases  that  are  supposed  to  be  of  cerebral 
origin.  Short  treatments,  from  one-quarter  of  a  minute  to  one  or  two 
minutes,  are  preferable  to  longer  applications.  In  these  conditions 
protracted  stances  not  unfrequently  do  injury. 

Here,  as  elsewhere,  the  sensitiveness  of  the  patient  and  the  results  in 
each  case  are  perhaps  the  best  guide.  And  yet  it  is  always  well  to  be 
cautious  in  the  first  application.  In  diseases  of  the  eye,  as  of  other 
parts  of  the  body,  we  meet  with  exceptional  cases  that  will  bear  and 
be  benefited  by  very  protracted  applications  of  mild  galvanic  currents. 

The  unfortunate  accident  that  happened  to  Duchenne — total  de- 
struction of  the  sight  of  a  patient  immediately  after  galvanization — did 
much  for  a  time  to  retard  the  electro- therapeutics  of  the  eye.  The 
accident,  however,  has  never  been  repeated,  although  the  electro-thera- 
peutists of  the  present  day  galvanize  the  eye  and  the  brain  with  great 
freedom. 

Localized  faradization  has  been  somewhat  successful  in  the  treat- 
ment of  paralysis  of  the  muscles  of  the  eye  in  the  hands  of  Meyer,* 
Soelberg  Wells, f  and  Althaus.J  Althaus  has  succeeded  with  the  fara- 
dic current  after  failure  with  the  galvanic.  The  current  reverser  elec- 
trode is  very  convenient  for  the  treatment  of  paralysis  of  the  muscles  of 
the  eye. 

Prognosis  in  Paralysis  of  the  Muscles  of  the  Eye, — The  prognosis  of 


*  Op.  dt.  p.  378.        t  Diseases  of  the  Eye,  1869,  p.  568.       %  Op.  cik,  p.  495. 
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paralysis  of  the  eye  that  depends  on  cerebral  lesions  is  usually  un-  /or- 
able.  Cases  that  arise  in  the  early  stages  of  disease  of  the  bram  or 
spinal  cord,  as  locomotor  ataxia,  and  early  syphilitic  cases,  offer  a  good 
prognosis,  though  they  are  disposed  to  relapse. 

Peripheral  cases,  when  taken  in  the  early  stages,  have  a  very  favor* 
able  prognosis,  but  not  so  with  cases  that  are  long  standing. 

Benedikt,  speaking  of  the  prognosis  in  cases  of  paralysis  of  the  eye, 
declares  that  of  eight  cases,  from  various  causes,  that  were  sent  to  hina 
by  Wecker,  of  Paris,  in  seven  there  was  immediate  improvement.* 
The  same  writer  states  that  when  the  absolute  excursive  capacity  of 
the  pupil  is  little  altered,  but  double  vision  is  present  in  a  great  part  of 
the  visual  field,  the  prognosis  is  unfavorable. 

In  some  cases  improvement  follows  early,  after  one  or  two  sittings, 
or  during  the  midst  of  the  sitting ;  in  other  cases  not  until  ten  or 
fifteen. 

The  tendency  with  patients  and  physicians  is  to  abandon  treatment 
in  paralysis  of  muscles  of  the  eye,  without  giving  it  a  fair  triaL  They 
•certainly  demand  as  long  treatment  as  analogous  affections  in  other  parts 
of  the  body. 


I 


Paresis  cf  tht  left  internal  rectus  muscle^'Tmmediate  improvement  under  Ixatiud 

faraditation. 

Cass  CLVH. — Mr.  M.  B.,  with  paresis  of  thelefl  internal  rectus  muscle,  was  sent 
to  tnby  Di.  C  R.  Agncw  for  eiectrical  treatment.  The  first  symptoms  of  the  difficulty 
-dated  some  months  back>  just  after  bis  return  from  the  West,  where  he  had  been 
subjected  to  unusual  fatigue.  A  powerful  current  (faradic),  localired  as  nearly  as  pos- 
stble  in  the  affected  mnscle,  very  markedly  relieved  the  heaviness  of  the  eyelid,  and 
immediately  improved  the  sight. 

For  over  a  month  the  patient  had  been  able  to  read  only  imperfectly  and  with  dit- 
ficttlty,  while  an  hour  previous  to  the  electrical  treatment  it  was  found,  on  trial,  at 
Dr.  Agnew's  ofBce,  that  he  was  utterly  unable  to  decipher  new^npKr  print. 

Immediately  after  one  application  the  patient  could  read  the  fine  print  of  the 
Htrald  with  ease,  and  in  a  day  or  so  a  note  from  Dr.  A^ew  informed  us  that  the 
vision  of  the  patient  had  increa5ied  from  one-tenth  to  one-half,  and  that  the  btemal 
rectus  had  gained  seventy,  tested  by  prisms. 

Paralysis  of  the  abducens  of  bdtk  eyes~— Double  vision  ton  months  standing — Possible 
iypkilitic  origin — Recovery  under  loealiud  galxHtnitaiion  and  iodide  of  potassium 
—Relapse. 
CASKCLVIir.— Mr.  R.,  aged  46,  was  referred  to  us,  May  1, 1874,  l>yDr,  R  ishmore. 

Patient  complained  of  double  vision — health  otherwise  good.     Dr.    R.'s  dia^nosii 

was,   paralysis  of  abducens  on  Iboth  sides  and  as  the  patient   had  safl  Ved   from 

t/jpsiiiik  aixteea  yean  before,  iodide  of  potasdnm  was  given. 

•  Op.  cit..  p.  a^ 
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For  three  months  this  treatment  was  kept  up  with  but  Utile  iroprorement  We 
began  treatment  by  localiicd  golvonizatioTi,  using  strong  Intcrrapted  currents — oot 
pole  at  the  external  angle  of  the  eye,  and  the  other  on  the  twnple,  or  at  the  back  of 
the  neck  and  continued  this  treatment  twice  a  week  for  one  month  without  any  ;m« 
provenaent.  About  June  i  improvement  began,  and  by  June  22  the  recovery  wat 
emphatic,  so  far  as  double  vi^on  was  concerned ;  dimness  of  vision  remained. 

The  patient  continued  the  iodide  of  potassium  at  the  same  time  with  the  electrical 
♦realment,  and  it  is  clearly  impossible  to  differentiate  with  certainty  the  effects  of  the 
two  remedies ;  hut  inasmuch  as  the  iodide  of  potassium  had  been  used  before,  and 
yery  faithfully,  without  effect,  it  is  exceedingly  probable,  to  say  the  least,  that  ihi 
recovery  was  lar;gely  due  to  the  electrical  treatment.  The  patient  subsequently  relapced. 

The  following  are  some  of  Benedikt's  *  cases  ; — 

"  Burggraf,  Johann^  aged  2i  (Arlt's  cliniquc,  April  23d,  1S64),  had  been  snddenly 
seiied  with  double  vision  fourteen  days  previously.  Paralysis  of  the  right  abducem^ 
preceded  by  violent  pains  in  the  head  for  eight  dayi.  Recovery  through  local  treat- 
ment in  six  sittings. 

"  Meyer,  Antonii,  aged  55,  laborer  (Arlt's  clinique,  Sept.  18,  1S66),  hod  suffered 
for  three  days  from  double  vision,  paresis  of  the  right  abducens.  The  excursion  wa« 
deficient  by  one  line.  There  was  double  vision  in  the  larger  half  of  the  visual  field. 
After  nine  sittings  the  excursion  was  normal.  Double  vision  in  the  extreme  portii» 
of  the  visual  field.     Entire  recovery  after  twenty  sitlingSw 

"  Mako,  Barbara,  aged  24  (Arlt's  clinique,  Jau.  29,  (863),  suffered  for  six  weeks 
from  complete  paralysis  of  all  the  branches  of  the  oculo-motorius.  After  three 
weeks  the  paralysis  was  removed,  and  the  patient,  although  he  had  yet  some  double 
virion,  left  the  hospital. 

"  /lolaffd  Mydriasis. — Rentier,  aged  40,  suffered  from  mydriasis  and  p>aralysis  of 
accommodation  on  the  left  side.  After  two  local  treatments  the  mydriasis  diminished. 
It  re!ap!<ed  after  a  coitus,  but  was  finally  entirely  healed  in  twelve  sittings,  and  r»> 
mained  healed  for  several  years." 

Asthtfwpia. — Asthenopia  may  depend  on  an  absolute  or  relative  de- 
ficiency of  energy  in  the  muscle  of  accommodation  ;  or  of  the  internal 
recti  It  is  accompanied  by  hyperassthesta  of  the  retina  and  ciliary 
nerves,  f  Of  these  two  forms,  the  accommodative  and  muscular,  the 
accommodative  is  the  more  frequent.  The  marked  effects  in  improving 
the  tone  of  exhausted  muscles  in  other  parts  of  the  body,  produced  by 
electrization,  would  lead  us  to  suppose  that  asthenopia  might  be  bene- 
fited by  passing  either  the  faradic  or  galvanic  current  through  the  eye. 

In  quite  a  number  of  cases  of  weakness  of  eye  with  hypenesthesia, 
that  have  not  been  accurately  recorded,  we  have  obtained  positive  and 
ia,pid  results.     For  those  very   numerous  cases  of  tyt&    that   ache 

•  Op.  cit.,  p.  297  et  seq. 

f  Stellwag,  Treatise  on  the  DUeases  of  the  Eye,  tfacitlat«d  by  Dra.  Ilackkjr  aad 
Roosa,  p.  62a. 
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severely  if  used  even  for  a  little  time  before  breakfast,  or  at  twilight, 
or  in  reading  fine  print,  or  doing  fine  needlework,  or  from  exposxire  to 
glaring  light ;  that  perhaps  are  annoyed  by  musca  volitantes  and  by 
neuralgic  pains  in  or  near  the  eye,  and  yet  in  which  ophthalmoscopic 
examination  reveals  no  lesion — for  such  cases  mild  labile  faradixatioa 
for  five  or  ten  mini.tes  through  the  eye  with  the  positive  pole,  eithei 
with  a  moistened  sponge  or  the  hand  of  the  operator,  while  the  nega- 
tive is  at  the  back  of  the  neck  or  in  the  hand  of  the  patient,  is  certainly 
a  most  agreeable  and  efficacious  remedy.  Stable  galvanization  is  also 
useful  in  the  same  condition.  Cases  of  this  kind  that  are  associated 
with  general  feebleness,  with  hysteria  and  dyspepsia,  are  sometimes 
much  benefited  by  general  faradization  even  when  the  eye  receives  no 
local  treatment  whatever.  The  tired^  aching  eye  is  both  temporarily 
rested  and  relieved  after  each  sitting,  and  permanently  strengthened  by 
continued  treatment.  In  such  cases  electrization  does  for  the  eye  what 
it  does  for  the  stomach,  or  larynx,  when  they  are  in  a  condition  of 
fatigue. 

We  believe  thai  electrotherapeutics  promises  more  for  asthenopia^ 
with  hyperctsthesia  of  the  retina^  than  for  any  other  disease  of  the  eye. 

From  the  known  effects  of  electrization  on  neuralgic  and  muscular 
weakness  of  other  parts  of  the  body,  it  would  certainly  appear  that 
asthenopia,  even  in  its  severe  phases,  might  also  be  successfully  treated 
by  the  same  agent.  The  subject  is  worthy  of  the  earnest  attention  of 
ophthalmologists. 


AstKenopia  sf  two  year f  standing'— Rapid  impravenurU  under  lotaliud /aradisati*m. 

Cask  CLIX. — Mr.  L.,  a  student,  aged  35,  was  referred  to  as  by  Dr.  Loring. 
The  patient  had  for  two  jrcars  been  afflicted  with  exceeding  weakness  of  sight,  and 
for  a  long  time  was  unable  to  read  more  than  a  minute  or  two  without  discomfort. 
Time  and  rest  had  alforded  slight  relief^  so  tliat  he  now  found  it  possible  to  read 
by  daylight  fome  eight  or  ten  minutes;  by  gaslight  he  could  not  read  at  all.  A  mild 
stance  of  localixed  faradization  was  essayed,  with  the  result  of  markedly  increasing 
the  strength  of  visioa.  Similar  applications  were  repeated  some  doxen  times,  witb 
the  most  happy  effect,  and  when  last  teen  the  patient  was  able  to  read  an  boor  with* 
out  Kiious  discomfort. 

A  second  case,  sent  soon  afler  by  Dr.  J^ring,  received  equal  benefit. 

A  eau  timiiar  to  tht  above — l-npraves  more  readily  under  gahanixation  tkam 

/araditatiim. 
Case  CI..\. — A  case  similar  in  iti  symptoms  to  the  above,  and  of  as  long  stand- 
ing,  that  wa*  sent   to  us  by  Dr.    Roo&a,   was  submitted  to  localized    faradization 
witb  Kome  benefit.      Localized  galvanization,  however,  with  an  exceedingly  feeble 
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cmrentf  proted  of  greater  service,  and  after  a  month  of  treatment  the  pattcnt  wu 
able  to  read  ordiiaxy  print  for  over  an  hour  continuouslj,  witbou  t  experiencing  anjr 
discomfort. 

AjtJunopta  0/  an  aggrauoied  (karacter  and  r/  tan  year f  standing — Complete  i 
try  under  twelvt  apfUcaiioHi  0/  l^calited /ewaditatun. 

Cask  CLXI. — The  most  satisfactory  rwalt  that  mre  have  to  record  in  the  treat* 
ment  of  asthenopia  was  in  the  case  of  a  laUy  Oj^eU  60.  For  two  years  she  had  obsenred 
a  constantly  decreasing  strength  of  vision,  issociaied  with  a  locaJ  irritability,  that  pre- 
eluded  any  attempt  At  continuous  u^ic  of  the  eyes.  Finally,  so  weak  did  the  orgaoi 
become  that  she  found  it  utterly  impossible  to  read  or  sew,  or  in  any  way  concen- 
trate her  sght  for  a  moment  without  suffering  pain  and  obscuration  of  vision.  She 
was  treated  wholly  by  localized  faradization — the  tips  of  the  fingers  alone  being  used 
as  electrode*. 

but  at>out  twelve  applications  were  given,  with  the  result  of  complete  and  per- 
manent recovery.  During  the  three  years  that  have  elapsed  since  this  treatment  the 
cyesifbt  luu  remained  perfectly  strong. 


Amblyopia  and  Amaurosis. ^Sxc^f^^^2k'\^  aow  understood  to  be  a 
disorder  of  vision  dependent  on  disturbance  of  the  circulation,  while 
amaurosis  is  to  be  regarded  as  a  sytuptom  of  atrophy  of  the  optic 
nerve. 

For  some  of  these  conditions  electrization  may  be  tried  with  ad- 
vantage. 

A  strong  encouragement  for  a  faithful  trial  of  electricity  in  these 
cases  is  that  various  degrees  of  impairment  of  vision,  from  complete 
blindness  through  the  lower  grades,  have  been  sometimes  most  success- 
fully treated  by  physicians  and  charlatans,  with  diverse  methods  of  appli- 
cation. De  Saussure  cured  a  case  of  amaurosis  by  statical  electricity. 
Lesueur,  Mageadie,  and  Person,  successfully  used  faradization  in  the 
same  cases. 

What  is  DOW  needed  is  a  careful  and  persevering  trial  of  galvaniza- 
tion and  faradization  in  cases  of  amblyopia  and  amaurosis,  after  accu- 
rate ophthalmoscopic  examination. 

Spasm  of  tht  Lid  {Blepharospasm). — For  spasm  of  the  levator palp^brdt 
and  orbicularis  palpebrarum^  faradization  or  galvanization  is  indicated 
for  the  same  reason  that  it  is  indicated  in  torticollis,  facial  spasm,  and 
spasm  of  the  glottis. 

The  method  of  application  is  the  same  as  that  prescribed  for  asthe 
nopia. 

Prognosis.' — Recent  and  mild  cases  recover  rapidly.  Long-standing 
cases  aie  sometimes  very  obstinate,  but  even  these  are  frequently  re- 
lieved for  a  lie  uted  time  after  eac>.  sitting. 
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Shght  spasmodic  twitckings  0/  the  Ud-^Reetvtry  under  faraditatU  «, 

Cask  CLXIL— A  lady  hati  been  troubled  with  an  alTection  of  the  left  eye  that 
required  surgical  treattnent ;  was  taken  with  slight  but  disagreeable  twitchiags  of  the 
lid  of  the  other  eye.  The  twitching  was  so  slight  that  it  could  be  seen  by  an  observer 
only  with  difficulty. 

Under  faraditation  with  a  mild  corrent,  the  negative  p>ole  being  held  in  the  hand  of 
the  patient,  and  the  positive  being  applied  by  gentle  passes  ov9  the  lid,  reoovery 
took  place  in  a  short  time. 

Spasm  9/  the  orbicularis  palpebrarum  of  long  standing — Sonu  temporary  but  no 
permanent  benefit  from  farad itation  and  galwtnitation. 

Case  CLXUl. — Rev.  Mr.  ii.  wa-  rcicrrcil  to  us  by  Dr.  C.  R,  Agiicw  with  severe 
qnsms  of  the  orbicularis  palpebrarum  of  the  right  side ;  the  general  health  of  the 
patient  was  otherwise  good.  Faradliation  and  galvanization,  faithfully  used  for  a 
numl>er  of  sittings,  in  the  manner  described  in  the  case  preceding,  were  only  of 
temporary  benefit. 

Opacities  of  the  Comea.^Thc  electric  currents  have  been  employed 
with  more  or  less  success  for  opacities  of  the  cornea  for  many  years. 
Cases  have  been  reported  by  Isiglio,  Quadn\  VVillebrand,  Tiirck,  and 
Graefe.     Recently  this  nielhod  has  been  but  little  employed. 

The  galvanic  current  would  be  more  indicated  than  the  faradic.  Ex- 
ternal or  internal  applications  may  be  used. 

In  a  case  of  opacity  of  the  cornea,  resulting  from  herpes  ophthalmia 
ciiSy  sent  \o  us  by  Dr.  Prout,  there  was  a  very  decided  clearing  up 
under  a  protracted  use  of  the  negative  pole  of  the  galvanic  current 
applied  to  the  closed  lid,  and  a  part  of  the  time  directly  to  the  conjunc- 
tiva, which  had  been  rendered  anaesthetic  by  the  herpes. 

Opacities  of  the  Vitreous  Humor  —  Keratitis. — Lc  Fort  and  Camus 
report  interesting  and  remarkable  results  in  the  treatment  of  opacities 
of  the  vitreous  humor  by  the  galvanic  current.  The  applications  were 
made  with  one  pole  over  the  closed  eyelid,  and  the  other  in  the  auri- 
ciilomaxillary  fossa,  to  affect  at  the  same  time  the  nutrition  of  the  eye 
through  the  sympathetic.  In  some  of  the  cases  the  opacity  was  asso- 
ciated with  or  resulted  from  keratitis. 

/*/w/^/A^^/<i.— Photophobia  is  a  symptom  of  so  many  different  patho- 
logical conditions,  that  the  cases  of  cure  or  relief  obtained  in  it  by  the 
electric  currents  are  of  comparatively  little  value.  It  very  frequently 
("epends  on  the  diseases  of  the  conjunctiva  and  cornea.  Hewson 
reports  the  cure  by  galvanization  of  thirty-two  cases  of  ph'  tophobia  de» 
pendent  on  scrofulous  inflammation  of  the  cornea  in  chtidren.  From 
one  to  three  applications  were  sufficient 
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Tlie  positive  pole  was  applied  to  the  face  and  the  negative  to  the 
supra-orbital  foramen. 

Ptosis. — This  affection,  which  consists  in  paralysis  of  the  elevator  of 
the  upper  lid,  is  to  be  treated  like  spasm  of  the  lid,  but  with  a  stronger 
current. 

Ptosii  following  Herpes — Rapid  recovery  under  gahianitation. 

Case  CLXIV. — A  lady  patient  was  rcfcrreti   to  us,  who  had   suflereii   long  an 
severely  frnm  her|)es  of  the  head  and    face.     This  was  followed  by  acute  neuralgic 
pains  llial  were  most  ^>er5i!itent  and  resisted  all  attempts  at  alleviation. 

The  galvanic  current  was  here  applied,  and  so  successfully  as  in  a  short  lime  to  di*. 
sipate  in  good  measure  the  neuralgia.  The  eyelid  of  the  right  side,  however,  was 
left  drooping,  a  condition  which  had  been  present  some  weeks.  Three  applica- 
tions of  the  faradic  current  to  the  affected  part,  of  a  strength  as  great  as  could  be  well 
borne,  were  re[)eated  on  several  occasions  and  readily  resulted  in  a  complete  restoratioa 
of  the  lost  muscular  power. 

Mydriasis  and  Myosis.^An  these  conditions  the  electric  treatment 
is  sometimes  of  value,  although  in  many  cases  they  depend  on  some  cen- 
tral difficulty  that  in  its  very  nature  is  incurable. 

The  /ri-a/mtfrt/ consists  in  local  galvanization  and  galvanization  of  the 
sympathetic 

Neuro-retinitis. — On  the  theory  that  neuro-retinitis  may  depend  on 
some  morbid  condition  of  the  sympathetic,  which  in  its  turn  may  be 
connected  with  various  cerebral  affections,*  it  has  been  treated  by  gal- 
vanization of  the  sympathetic,  and  of  the  brain. 

Indeed,  from  our  experiments  in  galvanization  of  the  sympathetic 
(see  p.  125),  it  would  appear  that  in  neuro-retinitis,  and,  indeed,  in  all 
affections  where  we  wish  to  affect  the  vascular  condition  of  the  retina, 
galvanization  of  the  sympathetic  would  very  properly  be  indicated  in 
connection  with  other  remedies  directed  to  the  disease.  The  subject  i» 
certainly  worthy  of  investigation. 

Strabismus.^AKi  strabismus,  dependent  on  merely  tranatory  causes, 
faradization  or  galvanization  may  be  of  service  ;  but  the  results  ytX 
reported  are  not  of  great  importance. 

That  temporary  relief  of  strabismus  may  be  derived  from  faradization 
we  demonstrated  in  several  instances.  The  method  of  application  is 
the  same  as  that  for  paralysis  of  the  muscles. 

From  among  many  failures  in  the  treatment  of  strabismus  that  we 
find  recorded  in  our  case  books,  we  briefly  note  the  two  following 
as  illustrative  of  the  benefit  that  occasionally  accrues  through  electri 
uitioii, 

•  Benedlkt,  op.  dt.,  pp.  152,  253,  254. 
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Case  CLXV-  -A  liule  girl,  aged  8,  tiad  for  two  ye&rs  been  affiicted  with  strabis- 
«nus  divergent. 

The  faradic  current  was  as  nearly  as  possible  localized  in  the  faulty  muscles,  and  at 
tlie  same  time  tlie  body  of  the  eye  was  submitted  to  gentle  treatment. 

Improvement  became  manifest  after  a  few  appticatioits,  and  in  llie  course  of  two 
eoonths  ended  in  recovery. 

Case  CLXV'I. — In  the  case  of  a  babe  of  |8  months,  who  had  shown  symptoms 
similar  to  the  above,  some  three  weeks  previously,  it  required  but  a  single  application 
of  the  faradic  current  to  dissipate  the  trouble. 

Cataract. — The  literature  relating  to  the  use  of  galvanism  in  the 
treatment  of  cataract  is  very  considerable,  but,  at  the  saiue  time,  both 
the  opinions  and  statements  are  very  conflicting.  Crussel,  of  St 
Petersburg,  claimed  to  have  had  successes.  His  method  was  to  intro- 
<lucc  into  the  lens  a  needle  connected  with  the  negative  pole,  while  the 
positive  was  applied  to  the  tongue.  In  this  way  the  cataract  was  sub- 
jected to  the  three  factors  of  mechanical  disintegration  by  the  needle, 
10  the  chemical  inrtuence  of  the  negative  pole,  and  '*  probably,  also,  to 
the  macerating  action  of  the  aqueous  humor  penetrating  the  lens 
through  the  puncture  made  in  the  capsule  by  the  needle.'*  liergniann, 
Newniann,  Mildner,  Benedict,  Straiich,  and  others,  on  the  contrary, 
claim  thai  the  results  are  tiot  sufficiently  favorable  to  counterbalance 
the  dangerous  inflammation  that  is  liable  to  follow.*  Rosenthal  usrd 
external  applications,  and  claimed  to  have  cured  two  out  of  three 
patients  whom  he  thus  treated.  Two  cases  of  cures  have  been  re- 
ported lately  by  Neftel.  The  cases  were  subsequently  examined  by 
Drs.  Agnew  and  Knapp,  who  failed  to  find  evidence  of  any  improve- 
ment  that  could  be  attributed  to  electricity. 

Among  other  diseases  of  the  eye  in  which  electricity  may  be  tried 
experimentally,  with  the  hope  of  greater  or  less  success,  are  arutsthisia 
eptica  and  nystagmus. 

•  For  the  literature  of  the  subject  consult  Canstatt's  "  Jahresbericht  "  for  1841^5, 
also  Schmidt's  Jahrbiicber  for  1S41-42,  quoted  from  EvcUky's  article  **On  the  Na* 
tore  of  Cataractp"  etc,  N.  Y.  Med.  Journal,  July,  1880,  to  which  we  are  indebted 
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The  diseases  of  the  ear  are  less  amenable  to  treatment  by  electridt^ 
than  analogous  diseases  in  most  other  parts  of  the  body.  By  its  ana- 
tomical position  the  internal  ear  is  even  more  inaccessible  than  the  eye ; 
and  even  the  parts  which  can  be  brought  more  directly  under  the  influ- 
ence of  electrization,  as  the  middle  ear,  the  membrana  tympani,  and 
exiernal  auditory  canal,  can  bear  only  feeble  currents.  Hence  it  is  that 
there  is  no  branch  of  electro- therapeutics  where  there  has  been  such  gen- 
eral disappointment  both  among  aurists  and  electro-therapeutists  as  ia 
diseases  of  the  ear. 

The  morbid  conditions  of  the  ear  for  whicli  electrization  has  been 
found  of  some  service  are  subacute  and  chronic  inflammaiion  of  tht 
drum  and  middle  ear^  nervous  deafness^  and  iinniius  aurium. 

Experiments  on  the  ear  were  made  quite  early  in  the  history  of  elec- 
tro-therapeutics. 

Brenner*  gives  the  following  bibliography  of  this  department  in  the 
early  part  of  the  present  centtiry  : — 

AUGUSTlN — VfrsucA  einer  Geschichte  der  galvanucktn  EUktrUit&t  und  ikrtr 
medicinisehen  Anwendungt  Berlin,  i8oi  (this  worlc  contains  a  quantitative  distinction 
in  the  working  of  both  poles  on  the  nerves  of  hcxuing) ;  also,  Von  Galvanismus  una 
detsen  AnwenJuHgy  iSoi,  by  the  same  author. — Merzdorff — (Behandlttng  de* 
Ohrensausens  durch  den  Gatvanischgn  Strom,)  bei  GrapenciBSSER,  iSoi,  pp.  Ijt 
and  132. — ¥v\^s—{GalvaHo-therapfutische  Vtrsitchg,)  Ebendas.,  iSoi,  pp.  241, 
252. — Steixwag — Ueber  Gatvanismus^  Hamburg,  iSo2(this  work  contains  cures  of 
deafness). — Struwe — System  der  Medkiniichen  EUktricitdt  mil  Rucksickt  auf  dem 
Gaivanitmus,  1802. — Wolke — Naehrickt  von  den  *u  yever  durch  die  Gahfani-V^t- 
taisckt  Gehijrgtbekunst  begUickten  TaubstummeH^  etc.  Osnabriick,  1S02. — Majl^ 
tens'  Therapeutiseht  Anwendung  det  Gnhanumui,     1803. 

It  was  natural  that  attempts  to  cure  diseases  of  the  ear  should  be 
made  thus  early  in  the  history  of  eleclro-therapeutics,  because  at  that 
time  there  was  scarcely  any  other  method  of  treatment 

*  Untersuchungen  und  Beobichttingen  auf  dera  Gebiete der  Elecirotbenpie,  t  Bani, 
I  Abth.,  1868,  p.  4a 


The  flexible  wire  can  be  pressed  in  toward  the  dnim  and  then  al- 
lowed to  spring  back.  The  external  auditory  canal  is  very  sensitive, 
and  only  mild  currents,  or  currents  quickly  interrupted,  will  be  borne. 
The  other  electrode  may  be  placed  in  ihe  hand  of  the  opposite  side,  or 
at  the  mouth  of  the  Eustachian  tube,  by  means  of  a  metallic-pointed 
insulated  catheter.  It  is  an  advantage  before  making  the  application 
to  partly  fill,  or  at  least  to  moisten,  the  ear  with  warm  salt  water,  since 
thereby  the  conduction  is  iimch  increased.  The  water  should  be  warm^ 
because  cold  water  is  not  well  borne  in  the  ear. 
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External  ^feth)d. — The  best  external  method  of  electrizing  the  cMt 
is  to  press  the  electrode  firmly  on  the  tragus^  the  other  electrode  being 
held  as  before,  in  the  hand  of  the  opposite  side.  The  ear  should  b« 
filled  with  warm  salt  water,  although  this  is  not  necessary. 

We  have  used  this  method  for  several  years  with  both  the  faradic  and 
galvanic  currents,  and  prefer  it  for  al!  cases  except  when  it  is  desired  to 
act  directly  on  the  inflamed  surfaces  of  the  drum,  or  middle  ear.  It  ii 
far  less  painful  and  more  satisfactory  than  the  internal  method.  It  may 
be  used  on  the  most  sensitive  children,  who  would  rebel  against  the  in- 
ternal method,  however  skilfully  performed. 

The  sitting  should  not  usually  be  more  than  five  or  ten  minutes,  and 
in  some  cases  much  shorter  applications  should  be  used,  especially* 
when  the  galvanic  current  is  used. 

The  electro-physiology  of  the  ear  has  already  been  described  in  the 
section  on  Electro-Physiology. 

Electro-Ditigmsis.^-Tht  electro-diagnosis  of  diseases  of  the  ear  has 
been  specially  studied  by  Brenner. 

The  leading  idea  of  this  observer  *  is  that  the  reaction  of  the  auditory 
ner7>e  to  the  galvanic  current  is  variously  changed  by  pathological  con- 
ditions. 

The  normal  formula  has  already  been  given.     (See  ElectroPhysiol- 

«g)%  p.  I J  2). 

The  difficulties  in  the  practical  application  of  this  method  of  electro- 
diagnosis  are  very  great.  The  normal  formula  can  be  obtained  only  in 
a  certain  proportion  of  cases,  and  then  oftentimes  by  painful  currents. 
Even  when  we  obtain  apparent  deviations  from  the  normal  formula, 
we  are  not  always  sure  just  what  such  deviation  indicates,  either  in 
special  pathology  or  in  therapeutics. 

Changes  in  the  Reaction  of  the  Auditory  Nerve  in  Pathological 
Cases. — In  pathological  cases  the  normal  formula  may  undergo  various 
changes. 

These  changes  in  the  reactions  that  appear  in  diseases  of  the  ear  may 
be  embraced  under  the  following  beads  :  \ 

I.  Hypemsthesia  of  the  nerve^  so  that  it  reacts  to  a  milder  current 
than  normal,  or  reacts  longer  or  more  powerfully.     This  may  be  either 

♦  Zur  Ekklrophysiologic  und  Elektro pathologic  des  Nervus  acuslicus.  Petersburgh 
Med.  Zekschr.,  Bd.  4,  p.  2S6.  1863.  Also,  Wettere  Mitthellungen  tur  EleUlro- 
otratrik.  Pctersburgcr  Med.  Zcit.*chr.,  Bd.  5,  p,  35,  1S63.  And  more  recently  b 
his  published  work,  Untersuchungen  und  HeobachtuBgen  «if  dem  GebVele  der  Elck' 
troltierapie.     Leipzig,  1S6S  and  1S69. 

\  Brenner,  op   cit. ,  Band  I,  p.  tSl   et  teq. 
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simple  or  complicated  with  qualitative  change  in  the  formula,  w  with 
paradoxical  formula  in  the  ear  not  experimented  on,  or  with  morbid 
subjective  sensations  of  heanng. 

2.  Change  in  the  formula  of  reaction  without  hyperesthesia,  Thes<^ 
changes  are  either  in  inversion  of  tlie  normal  formula,  or  deviations  of 
various  kinds. 

3.  Torpor  of  the  nerve  {anasthesia),  so  that  it  does  not  react,  or  only 
to  a  stronger  current  than  normal. 

Illustrative  Pathological  Cases. — Brenner  gives  the  following  illustrar 
tion  Q^  hypenesthesia  in  a  case  of  chronic  catarrh  of  the  middle  ear,  on 
both  sides,  with  difficulty  of  hearing,  much  tinnitus, 
J     The  reaction  was  as  follows : 

XX  90  KA.S.K'. 

KA.D.K.     OB 

KsuO.— 
A.&  — 
A.D. — 
A.O.k.> 

In  another  case,  where  there  was  great  difficulty  of  hearing,  with 
tinnitus^  that  had  existed  for  three  years,  and  demonstrable  anatomical 
changes,  but  in  which  a  central  disease  was  suspected,  the  reaction  was 
«s  follows  :* 

XX  50  K*.S.K'. 

IU.aK.  m 
Ka.O.— 
A.&— 
A.D.— 
A.O.t> 
Other  cases,  illustrative  of  changes  of  various  kinds,  we  give  below : — 
Qtta/Uaiive  change,  ^k        Hyf*r<tsttusia  with  in-        Hypcraathsu  with  p»* 
Uborer,  30  yeais  old ;  in-    vertion    of    the     normal    radoxical  sexuations  b  eu 
telligent ;  deafness  and  tin-    formula. \ — A  lady  of  60; 
ciitus  on   both  sides  from     absolute  deafness  in  left  ear ; 
drum  depressed,  thickened 
and  opaqoe^ 
6  EL  Ka,-> 
Ka.D.— 
Ka.O.Pf.  > 
An.S.Pf. 
An.D.PC   o» 
An.O.— 


cloudy 


childhood ;     drum 
and  thickened. 
XlOoKa.S.K-. 

Ka.D.K.00 

Ka.O.— Rattling. 

A-S. 

A.D.  "  OQ 

A.O.K.> 


not  treated.  ( 

Ear  trale<L 

XXiooKa,S,K\ 
Ka.D.K.  t» 
Ka.O.  — 
A.S. 
A.D. 
A.O.K'.> 


Ew  not 
bmted. 


•Op.  dt.,  pp  90,  191. 

f  Erb  in  Archiv  Ophth.  and  OtoL,  txX  L,  Nou  t,  p^  Sja. 
X  Brenner,  op,  cit.,  Band  i.,  p.  305. 
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lUuttrative  and  typical  cast  of  im- 
version  of  tke  ttormal  formula.*'  — An 
ofliccr,  26  years  old  ;  from  h'w  childhood 
completely  deaf  in  left  ear  ;  no  tinnitus ; 
no  demon  si  rablc  change  in  drum  ;  only  a 
pale  color  ;  right  ear  normal. 


Electric  examination  of 
rifcbt    (healthy)     ear 
gives      this    m*rm*t 
formulA. 
IXKa.S.K'. 

Ka-D.k.  > 

Ka-0.  — 

A.S. — 

A.D. — 

A.O.k. 


Electric  — witMtMi  of 

(!▼«    the    iitvtrttd 
ftirtnula. 

IX  Ka.S.  - 
KilD. — 
Ka.O,K. 
A.S.K'. 
A-D.K.> 
A.O. — 


Miydification  of  the  normal  forwml^ 
witAimt  hyp<raitktsui. — A  woman,  45 
yean ;  old  difficulty  of  hearing  in  both 
ears;  no  tinnitus;  some  dulneis  of  tba 
drumK. 

Right  Exa  :— 
XX  500  Ka.S,— "  Chirpiiig.*' 

Ka.D.  "        iholt 

Ka.O. 

A.  S.     —Roaring. 

A-D.  "         ahort. 

A.O.     — Indefinite  sooada. 
Left  ear  gave   same   formula,    except 
that  Ka.O.  gave  a  short  and  slight  roar* 
ing. 


Tlie  above  case  of  the  officer  Brenner  regards  as  of  a  special  nature. 
The  patient  was  examined  by  a  ntimber  of  aurists,  and  the  inversioo 
of  the  normal  fonnula  in  the  diseased  ear  was  decided. 

The  following  experiments  were  made  by  one  of  the  autliors  of  this 
work  on  himself.  The  right  ear,  on  which  the  experiment  was  made, 
has  for  twenty-five  years  been  affected  with  chronic  inflammation  of 
the  middte  ear.  The  drum  is  cloudy,  the  tube  pervious,  and  the  hear> 
ing  distant ;  at  times  he  had  been  troubled  with  tinnitus,  but  not  at  the 
time  of  the  experiment.  The  objective  examination  of  the  ear  was 
made  by  Dr.  D.  B.  Sl  John  Roosa,  The  experiments  are  given 
in  detail,  because  they  illustrate  a  number  of  the  peculiarities  in  regard 
to  the  galvanic  reaction  of  diseased  ears,  and  the  difficulties  and  com* 
plications  that  attend  the  investigation. 

The  internal  method  was  used  : 


10  Stohro's  EL  Ka.S.-.No  reaction. 

Ka.D, — Some  rumbling, 
made  evidently  by 
pressure  of  electrode,  f 

Ka.O. 

An.S. — No  reaction., 

An,D.— «' 

An.O.— ••        " 


13  EL  KJI.S.— Noreactkn. 

Ka.D.— "      " 

Ka.0,— "      *• 

An.S,— *•       " 

An.D.  — «•      •• 

An.O.— "       " 
Feeble  flashes  of  tight  were  observed. 
The  rumbling  of  a  distant  carriage   fcr  a 
moment  was   mistaken  for    the  cathode 
closing  reaction. 


•  Bremer,  L  a,  p.  219. 

\  In  order  to  prevent  deception  on  this  point,  the  finger  was  pressed  on  the 

and  found   to  produce  the  same  apparent  sensation  of  rumbling.     The  .-tf 


cathode         ■ 

tragoi,        H 
pnraiuf         H 
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|6  EL,  K&S.— Nc  reaction. 

Km.D. — Hissing  in  the  other  ear;  (paradoxical  returtfen). 

Ka.O. — Same  Tor  a  moment. 

An.S. — His^g. 

An.  D.  — Same  > 

An.O. — No  reaction,  but  liissing  in  other  ear. 
Stronger  hashes  of  light ;  dininfM ;  subjective  sounds  in  can  for  wnie  mimitw 
after  treatment. 


so  EL  Ka.S,— Slight  roaring. 

Ka.O.> 

Ka.O.— No  reaction. 

Aa.S. — Load  htsang  (seething). 

AD.D.^Saine,> 

AitO. — No  reaction. 
Considerable     pain     ia    ear;      mach 
■tronger   flashes   and  dizziness;    metallic 
taste;    burning    in   wrist   of    the    band 
holding  cathode. 

The   rheoscate  was   now  brought  into 


Rheostat^-6oo^— Same  roan'Dg. 
700—    '•  «' 

800—    •* 

900—    "  ••  »tUl  pain. 

1,000— Much  let!  roaring,  and 
hissiyng  in  other  ear  maeb 
less. 
Ka.0. — No  reaction. 
The  anode   reaction   with    the    ntia- 
tances  of  the  rheostate  was  as  follows ; 
An.S. — Very  loud  hissing. 
An.D.  00  and  flow  of  saliva. 


34  El.  K.S. — Low  rumbling   and  hissing 

Rheostate 

^— too— Very  loud 

in  other  ear  ;   very  great  pain ; 

V30—    "        " 

pef>pir;iiiuu   on    forehead,   and 

300-    »•         " 

muscular  contractions^ 

400— Loud 

Ka.  D.  — Same.  00 

500-    " 

Rheostat  e — 100 — Same  roaring. 

600 — Lew 

200—    •' 

700—  '* 

300— Less       " 

800—  •♦ 

H                400—  •• 

900—  •• 

H               500^  "          "  lespain, 

1,000 — Moch  lea 

Cott-'smmg  the  above  case  it  may  be  remarked  : 

I •  7.  '«e  deviation  from  the  Qonnal  formula  was  unmistakable.  The 
anode  reaction  was  very  decided,  there  was  no  possibility  of  a  mistake. 
Thc  chjef  difficulty  was  with  the  cathode.  A  low  rumbling  or  roaring 
was  all  the  reaction  that  could  be  obtained  with  Ka.S.  or  Ka.D,  and 
that  only  when  many  elements  were  used. 

2,  The  accompan)dng  phenomena— dizziness,  pain,  contractions  at 
the  facial  muscles,  metallic  taste,  fiow  of  saliva,  perspiration  on  fore- 
head,  burning  and  contraction  of  the  muscles  of  the  hand  holding  tic 
electrode — were  present,  but  did  not  interfere  with  the  observation  of 
the  reaction  of  the  nerve.     It  is  just,  however,  to  remark  that  this  in 


used  in  this  erperiment  had  no  current  reverser,  consequently  it  was  1 
tinaally  move  the  electrode  to  and  from  the  tragus^ 


no  ( 
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dividual  has  been  accustomed  for  inany  years  to  exiteriment  on  hiraselt 
with  electricity,  and  therefore  would  be  little  liable  to  be  annoyed  oi 
distracted  by  their  incidental  phenomena  ;  yet  even  he  was  deceived 
momentarily  by  the  rumbling  of  a  distant  wagon.  Constriction  of  the 
throat,  of  which  some  complain,  was  not  experienced. 

Th»  following  pathological  case  is  of  double  interest,  since  benefit 
to  the  hearing  seemed  to  result  immediately  after  the  galvanic  exami- 
nation. 


CaseCLXVII  — G.  K  B  ,  aged  l8,  had  from  hU  eaHy  brtyhooH  suffered  from 
chronic  ulceration  nf  the  membrana  tympani  with  discharge.  In  the  left  ear  llic  Hrum 
had  tUsapijeared.  The  watch  could  be  heard  only  on  pressure.  There  was  no  tinnitus^ 
The  Eustachian  tube  was  pervious. 

Tbree  years  before  the  right  ear  had  been  si>.iilar]y  affected,  and  bad  entirely  re> 
covered  under  the  influence  of  Irealment,  so  that  the  discharge  ceased  and  the  heuing 
was  normal.  At  that  time  Dr.  St,  John  Koosa  saw  the  case  in  consultation  and  coo* 
finned  the  diagnosis. 

August,  1870.  The  patient  again  consulted  us  for  his  right  ear,  which  we  found  in 
the  condition  described,  and  which  was  similar  to  that  in  which  we  had  found  it  three 
years  before.  At  this  ttme  we  decided  to  test  the  galvanic  teaction,  which  we  were 
■ble  to  do  without  difficulty,  by  the  external  method. 

The  result  was  as  follows  : 

8  El; 


Ka.S. 

Some  rumbling. 

Ka.D. 

11               ir 

Ka,0. 

No  sensation. 

An.S. 

Rumbling. 

An.D. 

14 

Ad.O. 

No  sensatioi. 

With  ten  and  twelve  elements  there  was  the  same,  but  louder,  and  with  eightccD 
iZements  a  sound  like  the  ringing  of  a  large  bell,  reactioru  When  Gixteen  elements 
were  used,  the  patient  experienced  a  sensation  of  hissing  with  An.S.  and  An.D. 

After  various  changes  of  the  current,  a  less  number  of  elements  brought  a  decided 
reaction.  In  order  to  see  whether  the  patient  deceived  himself,  or  whether  the 
sounds  were  produced  by  the  agitation  of  the  water  in  the  ear,  we  applied  the  electrode 
to  the  tragus,  when  disconnected  from  the  battery. 

Immediately  after  the  sitting  the  patient  .^aid  that  he  could  hear  conversation  better. 
The  week  following  the  same  experiment  produced  the  same  result.  During  the  in- 
lerval  magnesia  had  been  bloM-n  into  the  ear  in  considerable  quantities  so  as  to  tn- 
lerfere  somewhat  with  the  hearing  j>ower ;  for  that  reason  it  was  impossible  to  deter- 
poiiae  whether  the  improvement  was  permanent. 

Dizziness  in  this  patient  was  very  marked  and  lasted  by  terms  for  several  daya. 

Gemral  Therapeutical  Results  of  Electrical  Treatment  of  Diseases 
§f  the  Ear. — Ir  the  United  States,  cures  of  deafness,  without  regaircf 
to  the  patholog}  on  which  the  symptom  of  deafness  depends,  have  oc 
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ca»ionaI1y  been  accomplished  by  uueUucaied  empirics,  whti  have  trealec" 
all  forms  of  disease  of  Ihe  ear,  from  inspissated  cerumen  to  disease  of 
the  auditory  nerve,  by  some  unscientific  and  u.iiform  method  of  faradi- 
zation. 

Duchenne  reports  one  case  by  faradization  of  hysterical  deafness 
of  many  months'  standing  ;  one  caused  by  quinine ;  one  consecu- 
tive  to  an  eruptive  fever ;  one  following  measles ;  one  of  twenty 
years*  standing.  Several  cases  of  nervous  deaf-muteism  were  also 
improved. 

The  conclusions  to  which  he  arrived  tre  as  follows :  * 

1.  "That  nervous  hysterical  deafness  is  generally  caused  by  elec- 
trical excitation  of  the  chorda  tympani  and  movements  of  the  chain  of 
little  bones." 

2.  "That  cases  of  nervous  deafness  consecutive  to  eruptive  and 
continued  fevers  have  been  cured  by  the  same  treatment,  even  though 
they  have  been  of  long  standing,  and,  from  the  fact  of  their  resistance 
to  ordinary  remedies,  have  appeared  to  be  incurable." 

3.  "  That  probably  the  therapeutical  action  of  the  process  of  fara- 
dization is  chiefly  due  to  the  undulations  of  the  labyrinthine  liquid 
[)roduced  by  the  movements  of  the  chain  of  little  bones,  and  conse- 
quently of  ihe  fenestra  ovali.*^ 

4.  "That  electric  exploration  of  the  ear  furnishes  no  pathogno- 
monic sign  which  permits  the  prognosis  of  incurability  of  the  deaf- 
ness." 

Subacute  and  Chronic  Inflammation  of  the  Middle  Ear. — As  far 
as  we  can  judge  from  our  own  observations,  old  cases  of  chronic 
inflammation  of  the  middle  ear,  where  the  hearing  power  is  so  much 
impaired  that  a  watch  can  be  heard  only  on  pressure,  offer  an  un- 
favorable prognosis. 

Tl^e  best  results  are  obtained  in  those  cases  that  are  just  passing 
from  the  subacute  to  the  chronic  stage.  We  are  inclined  to  the  belie! 
that  these  results,  when  they  do  occur,  are  brought  about  by  the 
meehaniral  action  of  the  faradic  current^  on  the  adhesions  within  tht 
middle  ear.  In  some  even  long-standing  cases  of  chronic  inflammation 
of  the  middle  ear  temporary  improvement  of  hearing  immediately  fol- 
lows faradization  or  galvanization. 

Tinnitus  Aurium. — The  very  frequent  and  very  distressdng  symptom, 
*ittnitu  f  aurium,  and  which  accompanies  so  many  of  the  morbid  processes 
m  the  auditory  apparatus,  is  not  relieved  by  electrical  treatment  as  uni- 

*  TiefttUe  on  Dueaaa  of  the  Ear.  TransUted  uid  edited  by  Dr.  B  St.  Joha 
Roosa.     Secood  Aroencan  edition,  1S69,  pp.  1,013,  1*03°^ 
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formly  as  d  priori  reasons  would  lead  us  to  expect  The  capridousnesa 
and  uncertainty  of  the  results  in  such  cases  are  partly  to  be  explained  by  ^ 
the  fact  that  tinnitus  aurium  is  a  symptom  of  such  diverse  and  sometime 
undiscoverable  pathological  conditions.  Local  galvanization  by  the 
external  method,  or  galvanization  of  the  sympathetic,  sometimes  avail 
for  the  temporary  relief  of  this  affection,  and  in  some  cases  a  more  ot 
less  permanent  cure  if  obtained. 

Galvanization  of  the  cervical  s^^npathetic  affects  the  ear  just  as  it 
affects  the  retina,  through  modification  of  the  circulation  in  the  brain. 
Dr.  Rumbold,  of  St.  Louis,  reports  two  cases  of  tinnitus  aurium,  in 
which  local  galvanization  was  of  great  service.* 

With  reference  to  the  therapeutical  value  of  the  galvanic  current, 
especially  in  the  treatment  of  diseases  of  the  ear,  Brenner  f  and  Ha- 
gcnj  substantially  agree  to  the  following  propositions : 

1.  The  galvanic  current  is  indicated  not  only  for  those  cases  where 
fio  morbid  changes  can  be  diagnosticated,  but  also  in  all  cases,  howevet 
complicated^  in  which  the  abnormal  reaction  to  the  current  shows  that 
the  nerve  participates  in  the  diseaBC. 

2.  The  galvanic  treatment  may  aid  in  the  absorption  of  morbid 
deposits. 

From  our  survey  of  the  literature  of  the  subject,  and  from  our  own 
comparative  observations,  we  are  justified  in  these  two  conclusions  : 

First,  The  galvanic  current  is  on  the  whole  of  greater  service,  and  is 
of  greater  promise  in  the  electro-therapeutics  of  the  ear  than  the  faradic. 

Second.  The  results  obtained  in  the  electric  examinations  are  not  uni- 
form or  always  reliable  guides  to  the  special  method  of  treatment  that 
it  is  best  to  adopt. 

Reasoning  d  prior i^  it  would  be  inferred  that  the  reaction  of  hyper- 
esthesia would  call  for  treatment  by  the  anode,  and  the  reaction  of  tor- 
por (anaesthesia)  for  treatment  by  the  cathode ;  but  experience  shows 
that  there  is  no  uniformity  to  this  law. 

Moos,  §  in  the  remarkable  case  to  be  hereafter  cited,  found  that 
the  cathode  at  one  time  exercised  a  temporarily  beneficial  infiucDre  oo 
the  subjective  symptoms,  which  usually  disappeared  only  under  the 
anode, 

Erb  D  also,  in  case  of  '•  simple  hyperasthesia  of  the  right  auditory 

*  ArcMreB  of  Electrology  and  Neurology,  May,  1874. 

f  Op.  cit..  Band  i.,  p.  262. 

I  Pr&ktische  Beitrapc  zur  Ohrenhctlkiinde,  Leipdg,  t866,  p.  ^1^ 

§  Archives  Ophthal  and  OtoL,  voU  i..  No.  2,  p.  488. 

\  Archives  OphthAl.  and  Otul.,  vol  L,  No.  i,  p.  aS. 
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nave^'  with  ^^  inversion  of  the  normal  formula*'  found  that  the  tinnitus 
was  quieted  by  the  closing  of  the  cathode  (Ka.S.}and  not  by  the  closing 
of  the  anode,  as  would  have  been  expected. 

Still  further,  it  is  not  demonstrated  that  in  many  of  the  cases  of 
hyperassthesia  that  were  successfully  treated  by  the  anode,  or  of  torpot 
(anaesthesia)  that  were  successfully  treated  by  the  cathode,  the  results 
might  have  been  equally  or  more  successful  if  the  poles  had  been  re- 
versed. The  conclusion  is,  therefore,  that  while  the  general  law  laid 
down  on  page  281,  that  the  positive  pole  is  on  the  wfiole  the  more  calm- 
ing and  the  negative  the  more  irritating,  applies  to  the  auditory  nerve 
as  to  other  parts  of  the  body,  yet  it  is  always  liable  to  many  real  or 
apparent  exceptions,  and  in  the  present  state  of  our  knowledge  the  rule 
can  never  be  made  an  absolute  or  uniform  guide  in  the  electro- thera- 
peutics of  the  ear. 

Brenner  ♦  details  eleven  cases  of  diseases  of  the  ear  treated  by  the 
galvanic  current. 

In  one  case  of  thickening  of  the  drum,  the  current  caused  ab- 
sorption. 

In  one  case  of  hyperaesthesia,  with  tinnitus  auriura  and  anatomical 
changes  in  the  middle  car,  the  tinnitus  was  rapidly  cured. 

In  one  case  of  hyperaesthesia,  after  the  use  of  quinine  there  was 
recovery. 

In  one  case  of  hyperaesthesia,  with  tinnitus  aurium  and  catarrh  of  the 
middle  car,  the  tinnitus  was  cured. 

In  one  case  of  obslinate  subjective  symptoms  of' various  kinds  there 
was  improvement  under  great  difficulties  of  application. 

In  one  case  of  noises  in  the  head  and  ears,  of  ten  years'  standing, 
with  important  anatomical  changes  in  the  ear^  there  was  improvemenL 

Of  deafness,  two  cases  were  improved,  one  was  much  improved,  and 
one  was  cured.  The  case  which  recovered  was  one  of  facial  paralysis, 
with  anomalous  reaction  of  the  auditory  nerves. 

In  all  the  cases  there  were  anatomical  changes. 

In  some  cases  the  treatment  was  quite  persistent. 

Hysterical  Deafness. — ^When  deafness  depends  on  simple  hysteria  the 
results  of  electrical  treatment  may  be  very  brilliant 

Dr.  Moos,  of  Heidelberg,  has  published  a  case  of  recovery  from 
deafness  under  the  influence  of  the  galvanic  current,  which  is  the  most 
remarkable  of  any  which  have  been  scientifically  reported. 


"  Op.  dt.  Basd  I,  3  Abth.,  p.  333  et  tcq.     Brenner  also  mealiooB  tbc  fitct  tbil 
he  failH  in  leveateen  cases  of  tinnittis.     Loc.  cit.,  p.  335. 
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Case  CLXVIIl.— The  patient,  a  lafly  of  nineteen,  after  an  attack  of  acute  articular 
rheuinatistm  (Feb.  9,  1869),  was  taken  with  symptoms  of  acute  intrrcranial diseaie  of 
an  hysterical  character .  She  became  completely  deaf  for  noises  musicaj  notes,  anJ 
speech,  and  for  several  weeks  it  became  necessary  to  communicate  with  the  patient  by 
writing.  Thu  deafne^  was  preceded  by  abnormal  semitiveness  of  the  ear,  and  dU" 
trtiiing  acuteness  of  hearing.  Two  weeks  afterward*,  the  ninth  week  of  her  sick- 
nesr,  the  sensitiveness  had  diminished,  and  her  deafness  was  absolute.  In  the  eleventh' 
and  twelfth  weeks  of  the  disease,  she  began  to  suffer  from  hysteria  or  epiUptif  attacks^ 
tasting  from  a  half  to  one  and  a  half  hours,  from  one  to  three  times  a  day.  These  at- 
tacks were  accompanied  by  loss  of  consciousness,  tetanus,  clonic  cramps,  and  pains  is 
the  back  and  abdomen.    There  was  also  unilateral  hyperasthesia  of  the  scalp  and  face. 

These  symptomis  were  varioasly  treated  by  the  galvanic  current.  The  patient  wai 
treated  with  the  galvamc  current ;  at  first  daily,  from  May  loth  to  July  27lh, 

At  first  there  was,  as  hx-^  been  statctl,  a  feeble  reaction  to  the  current.  This  wa* 
followed,  in  a  few  days,  by  simple  hyperasthesia,  combined  with  a  paradoxical  rt- 
action  in  the  ear  not  treated,  and  lastly  hypenesthesia  with  qualitative  change. 
When  the  cure  was  complete  the  normal  formula  of  Brenner  appeared. 

On  the  eleventh  day  of  the  treaimeni  the  patient  beard  her  own  voice  in  the  left 
ear,  immediately  after  tlie  galvanic  treatment.  Noises  in  the  ear  appeared  which 
were  treated  by  the  anode.  On  the  iStli  and  24lh  of  June,  conductibility  of  the 
'ones  was  noticed  for  the  firAt  time.  July  12th,  two  months  from  the  b^innln^  of 
'.he  treatment,  the  patient  could  hear  the  watch  on  the  right  siilc  to  feet,  on  the  left  9 
feet.  The  treatment  now  caused  dizziness,  which  made  it  necessary  to  give  longer 
intervals  during  the  sfeances,  and  it  was  found  necessary  to  use  very  weak  currents 
The  patient  was  now  sent  to  Black  Fore^it,  where  in  six  weeks  she  fully  recovered. 

On  the  zglh  of  April,  Dr.  Moos,  an  experienced  aurist,  who  had  once  before  e«- 
amined  the  patient,  came  to  the  conclusion  that  there  was /«/«■/  paralysis  of  bvtk 
auditory  nerves.  The  eleetrie  examination,  made  on  the  9th  and  loth  of  Maj,  gav* 
the  following  result : — 

Right  Ear,     10  El,  900  cR*  K.S.  — Lively  whirring  sound. 

K.D.  — Same  gradually  disappearing. 

K.O.  —No  result. 

An.S.—  "       ♦* 

An.D.—  "       *• 

An.O.—  ••       " 
X^FT  Ear.      10  £L   400  cR    KS.    — Scratching  of  a  violin. 

K.D.  —The  some,  lasting  a  short  time. 

K.O.  —None. 

An.S.—    *♦ 

An.D.—    »* 

An.O.—    •• 

Tlie  ears  were  differently  affected.  On  the  right  ride  there  was  ••  paralyss  of  the 
auditory  nerve,  paralysis  of  the  sense  of  touch,  as  well  as  paralysis  of  the  trophic 
Dave,  decubitus  of  the  right  concha."  On  the  left  side  there  was  "peralyns  of  the 
MTfe  of  heuing,  long-continued  hyperaesthesia  of  the  nerves  of  touch.'* 
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Concerning  this  case  we  raay  remark : — 

1.  It  was  unquestionably  a  case  of  hysteria^  of  which  the  rheumatic 
atfection  was  the  exciting  cause.  Very  likely  some  of  the  cures  of 
deafness  obtained,  now  and  then,  by  electrization,  are  of  a  similar 
character. 

2.  Although  the  element  of  time  should  not  be  ignored,  yet  the  re 
covery  was  mainly  due  to  the  electrical  treatment.  This  is  proved  by 
the  immediatencss  and  rapidity  of  the  results, 

5.  The  case  establishes,  so  far  as  a  single  case  can,  the  substantia) 
correctness  of  the  main  propositions  of  Brenner. 

4.  It  is  not  demonstrated  that  the  exclusive  use  of  either  pole  was 
necessary  to  obtain  the  result,  and  it  is  entirely  probable  that  the 
faradic  current  might  have  been  of  more  or  less  service. 

Deafness  folhwin^  Cerebro-Spinal  Fever. — Our  own  experiments  in 
the  electrical  treatment  of  deafness,  following  cerebro- spinal  fever,  have 
been  entirely  unsatisfactory. 

Moos  *  relates  a  case  of  cerebro-spinal  meningitis  that  was  followed 
by  complete  deafness,  that  gradually  improved  so  that  he  could  heai 
one  or  two  feet.  The  patient  was  troubled  with  tinnitus  aurium  and 
also  with  headache  and  vertigo.  With  the  right  ear  he  heard  nothing ; 
with  the  left  ear  could  bear  the  voice  two  feet.  Temporarily  the  anode 
produced  a  diminution  of  the  subjective  noises.  After  twenty-two  sit- 
tings the  hearing  power  was  raised  to  eighteen  paces  ;  the  noises  and 
giddiness  were  much  diminished. 

Chronic  Suppuraiion  of  the  Middle  Ear. — We  have  experimented 
somewhat  in  the  treatment  of  chronic  suppuration  of  the  middle  ear  by 
the  local  use  of  the  galvanic  current.  The  experiments  were  made  both 
in  private  practice  and  at  the  Brooklyn  Eye  and  Ear  Hospital  in  con- 
nection with  Drs-  Matthewson,  Newton,  and  Prout  The  theory  on 
which  the  experiments  were  based  was  that  ulcerous  conditions  in  the 
ear  might  be  treated  electrically  just  like  similar  conditions  in  other 
parts.  Ulcers  on  the  mucous  membrane  do  not  yield  as  readily  to  elec- 
trical treatment  as  ulcers  on  the  surface  of  the  body,  and  da  not  bear 
electricity  as  well ;  they  are,  however,  somewhat  susceptible  of  elec- 
trical treatment,  as  is  shown  by  experiments  in  chronic  urethritis  and 
granular  lids. 

The  method  of  treatment  adopted  in  these  experiments  was  to  insert 
an  electrode  with  a  long  narrow  extremity,  covered  with  a  little  cotton,. 
Into  the  auditory  canal,  through  a  rubber  speculum  ;  the  canal  being  hlled 
with  tepid  water.  The  electrode  is  usually  connected  wi'Ji  the  negatii  i 
*  Archives  of  Ophlhalmology  and  Otology,  voL  iL,  No.  1.,  pw  33a. 
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pole  of  the  galvanic  current,  though  sometimes  with  the  positive  pole 
The  circuit  is  completed  by  the  hand  of  the  patient  holdbg  a  sponge 
electrode  or  resting  on  a  stationary  electrode.  Only  very  weak  cur- 
rents and  very  short  applications  are  borne,  and  it  is  admost  indJis* 
pensable  to  have  some  kind  of  rheostate,  so  that  the  current  may  be 
gradually  shut  on  or  ofL 

Under  this  treatment  the  character  of  the  discharge  changes,  and  in 
some  cases  the  recovery  was  certainly  more  rapid  and  latisfactoty  diaa 
it  would  have  been  without  it* 

*  Vide  Dr.  Room,  Trastin  oa  DfaeMM  of  tht  Ear,  p.  317. 


Thi  use  of  clccbicity  in  midwifery  was  first  recommended  by  Ber- 
^olon  and  Herder  (1803).  Kilian  afterwards  used  "galvanic  obstetri- 
cal forceps,"  made  of  two  metals.*  Faradic  currents  were  first  used 
for  bringing  on  labor-pains  by  Hoeniger,  Zyly,  and  Jacoby,  of  Ncustadt, 
in  1844-  Since  that  time  the  same  agent  has  been  used  for  this  purpose 
by  Frank,  Dempsey^  Barnes,  Mackenzie,  Tyler  Smith,  Radford,  and 
others. 

The  indication  for  the  use  of  the  current  in  midwiferj*  is  declared  to 
be  an  adynamic  condition  of  the  uterus,  when  other  conditions  are 
favorable  for  or  necessitate  immediate  delivery.  Dempsey  records  a 
case  where,  after  ergot  in  large  doses  had  failed,  faradization  for  forty 
minutes  produced  uterine  contractions  that  resulted  in  the  delivery  of 
the  child. 

Frank  reports  a  case  of  miscarriage,  fi-om  a  fall,  in  which  faradization 
produced  contractions  of  the  uterus,  and  stopped  the  very  profuse 
heniorrhage.  Mackenzie  succeeded  in  stopping  the  hemorrhage  in  two 
cases  of  placenta  praevia.  In  one  case  the  current  was  applied  for  six, 
and  in  the  other  for  three  hours.f 

These  observers  claim  that  electricity  acts  more  quickly,  more  uni- 
formly, and  with  less  injurious  effects  than  ergoLj 

Both  M.  De  Saint  Germain  and  Tripicr  are  highly  in  favor  of  fara- 
dization in  the  last  stages  of  delivery.  When  the  labor  has  fairly  begun, 
the  pains  coming  on  at  intervals  of  about  a  quarter  of  an  hour,  Tripier 
faradizcs  the  lumbar  region. 

Uterine  contractions  soon  follow  and  occur  more  frequently,  while  the 
dilatation  of  the  neck  takes  place  rapidly.  In  cases  of  confinement  M. 
Tripier  always  faradizes  the  lumbar  region  by  means  of  two  electrodes, 
md  sometimes  he  applies  one  pole  directly  Ut  the  uterus.      According 

•  Meyer,  op.  dt.,  p.  452. 

f  Quoted  by  Meyer,  op.  ciU,  p.  452. 

X  Simpaoo  and  Scanxoai,  oo  the  other  hand^  deoy  liw  viMtf  of  ekc&icit]f  ia  ni^ 
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to  his  account  the  placenta  is  expelled  immediately  after  the  fcetus,  an*! 
although  it  was  evident  that  the  child  felt  the  current,  not  the  slighte il 
bjury  has  ever  been  inflicted*  During  the  last  two  or  three  years 
there  has  been  a  revival  of  interest  in  the  use  of  faradization  in  mid- 
wifery. Quite  a  number  of  observers  in  different  countries  have 
reported  good  results. 

Dr.  A.  Murray,  of  this  city,  informs  us  that  he  has  treated  eighty- 
two  cases  of  inertia  uteri,  in  second  stage  of  labor,  by  external  faradi- 
zation, and  always  with  good  results. 

He  states  that  it  acts  much  more  speedily  than  ergot.  His  method 
is  to  place  one  pole  on  the  sacrum  and  the  other  over  the  abdomen. 
The  applications  are  continued  for  from  eight  to  ten  minutes. 

Post-Partitm  Hemorrhage, — Faradization  has  also  been  used  with  . 
good  effect  in  post-partura  hemorrhage.     It  rapidly  produces  contrac- 
tion of  the  uterus,  and  thus  may  save  the  life  of  a  patient. 

It  is  to  be  apph'cd  the  same  way  as  before  delivery. 

Some  obstetricians  always  have  a  faradic  apparatus  on  hand,  in  case 
of  parturition. 

Diseases  of  the  Mammary  Gland — Deficient  Laeteetl  Secretion,— 
Secretion  of  milk  may  be  increased  by  electrization.  Two  methods 
of  faradization  have  been  proposed,  one  by  means  of  moist  electrodes 
on  the  gland,  the  other  by  dry  electrodes,  with  a  view  to  excite  the  se- 
cretion of  the  gland  by  reflex  action. 

Successful  cases  have  been  reported  by  Aubert  and  BecquereLf 
Aubert  cured  one  of  his  cases  by  dry,  the  other  by  moist  electrodes. 
In  the  first  case  the  patient  had  no  milk  three  weeks  after  parturition. 
After  a  delay  of  seven  months  the  treatment  was  applied.  The  third 
application  brought  on  a  milk-fever  \  after  the  fifth,  milk  appeared.  In 
the  other  case  the  mother  was  attacked  by  pneumonia  ii^  months 
After  confinement.  As  a  consequence  the  lacteal  secretion  ceased. 
Four  faradizations  with  moist  electrodes  filled  the  breasts. 

In  Becquerel's  case  recovery  was  obtained  by  three  applications. 
Similar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liverpool  (quoted  by  Althaus),  reports  a  case  of  a 
lady  who,  while  nursing  her  fifth  child,  suffered  complete  suppression  of 
the  lacteal  secretion,  which  the  Doctor  attributed  to  the  tincture  of  iron 
she  was  taking.  He  applied  the  current  (probably  the  faradic,  which, 
on  account  of  its  greater  mechanical  effects,  would  be  more  indicated 
in  such  cases)  to  the  left  breast.  The  patient  felt  a  rush  of  milk  to  the 
breast,  and  in  a  few  hours  a  full  supply  appeared. 
*  Jourtuil  de  M^decine.  f  Quoted  by  Meyer,  op.  dt.,  pp.  451  and  45a. 


DEFICIENT  LACTEAL  SECRETION. 


605 


Tlie  righl  breast  had  not  been  use''  for  some  time,  on  account  of  a 
4)revious  abscess.  As  a  new  experiment,  the  Doctor  made  two  appHca- 
dons  of  five  minutes  each  to  this  breast,  and  brought  on  as  much  miU 
as  in  the  other. 

Permanent  increase  in  tke  lacteal  secretion  under  general  and  lacalimd faradisation. 

Case  CLXIX. — Mrs.  ,  who  was  nursing  her  second  child,  submitted  to  fara- 

tlizat"i.»n  for  the  relief  of  nervous  prostration  and  insomnia 

The  flow  of  milk  was  scanty  ;  quite  insufficient  for  the  proper  noamhment  of  the 
child.  Under  the  influence  of  general  fara<]Lzation  the  patient  soon  stated  that  she 
thought  her  milk  was  somewhat  more  abundaut,  and  in  subsequent  s^aiices  we  invaria- 
bly ended  by  localizing  the  current  in  both  breasts.  These  attempts  faulted  in  such 
a  decided  increase  in  the  amount  of  milk  secreted,  that  the  infiujt  found  sofBdent 
nourishment  from  the  breast  without  resorting  to  artificial  food. 

It  is  worthy  of  comment,  that  the  left  breast,  which  was  almost  dry  at  the  begin- 
«'og  of  treatment,  finally  secreted  more  abundantly  than  the  right 

Dr.  A.  Murray  informs  us  that  he  has  tried  faradization  as  a  galacla- 
gogue  in  thirtj'-seven  cases.  He  found  it  efficacious  in  about  two-thirds 
of  the  cases. 

Sort  NippUs. — Sore  nipples,  like  ulcers  and  fistulfe  in  general,  may 
be  treated  electrically  by  either  current,  but  the  galvanic  is  preferable. 

Different  forms  of  galvanic  nipple-shields  have  been  devised.  These 
act  like  the  electric  disks,  and  other  body  batteries. 

Dr.  A.  Murray,  of  this  city,  has  devised  a  galvanic  nipple-shield, 
which  he  finds  very  valuable.  It  is  composed  of  silver  and  zinc.  It  is 
of  the  shape  of  a  percussion  cap,  and  the  size  of  a  small  thimble.  This 
shield  is  kept  in  sittt  by  strips  of  adhesive  plaster.  The 
cnilk  trickling  down  the  breast  may  offer  sufficient  moist- 
ure to  excite  galvanic  action  ;  or  a  small  piece  of  moist- 
tened  lint  may  be  interposed  between  the  nipple  and  the 
shield.  Dr.  Murray  claims  that  when  this  shield  is  worn 
for  several  hours,  the  excoriations  rapidly  heal. 

He  also  uses  this  shield  as  a  prophylactic,  and  for  this 
purpose  recommends  it  to  be  worn  two  or  three  hours 
daily  for  two  weeks  or  so  before  confinement 

Rohland,  of  this  city,  has  devised  a  galvanic  nipple-shield  of  a  difTer* 
ent  construction. 

Extra- Uterine  Pregnancy. — In  the  first  case  of  extra-uterine  preg- 
nancy which  it  was  the  fortune  of  Dr.  Rockwell  to  treat,  he  was  asked 
by  Dr.  T.  G.  Thomas,  one  of  the  consulting  physicians,  whether  it  was 
possible  to  readily  destroy  the  life  of  the  foetus  by  the  electric  current. 
He  replied  that  it  could  undoubtedly  be  done,  but  the  important  ques- 
rion,  it  seemed  to  him,  was  whether  it  could  be  accomplished  without 
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injury  to  the  mother.  This  question  was  answered  in  the  affirmative 
by  the  results  that  followed.  The  case  was  one  of  lubo-interstitial 
pregnancy,  at  the  third  month,  and  terminated  favorably  by  the  expul- 
sion of  the  ftjetus  and  placenta  through  the  uterus.  The  history  of  this 
interesting  and  remarkable  case  was  carefully  written  out  by  the  at- 
tending physician,  Dr.  Charles  McBurney,  and  published  in  the  Nru 
York  Miiikat  Journal,  vol,  xxii,,  No,  3,  Ar  the  same  time  Dr,  Thomas 
took  full  notes  of  the  case  also,  and  as  they  fully  substantiate  the 
diagnosis  as  first  made  by  Dr.  McBurney,  and  which  M'as  (luestioned  by 
some  journals  after  the  appearance  of  his  article,  we  are  glad^  with  Dr. 
Thomas'  permission,  to  give  them  as  follows  : 


Case  of  tubo-interstitial  pregnancy  terminating  favorably  by  exfutsioH  cf  fctttm 
and  placenta  through  the  uterus. 

Case    CLXX.— On  the  second  of  January,  1878,  I  was  requested  by  Dr.  Charles 

McBurney  to  bee  with  him  Mrs.  A ,  a  primipara,  aged  2t  years,  who  had  l^een 

married  on  the  nth  of  October,  1877,  and  bad  been  all  fier  life  in  perfect  health. 
She  had  menstruated  for  the  last  time  iit  Octolier,  from  the  ist  to  the  5th,  and  at 
the  lime  of  her  marriage  had  been  well  for  six  days,  Subsctjuent  to  marriage  slie 
had  not  menstruated,  but  at  irregular  periods,  for  one,  two,  or  three  days,  she  had 
had  slight  sanguineous  discharges.  In  the  latter  part  of  October  the  gastric  symp- 
loms  of  pregnancy  had  developed  themselves,  and  as  time  passed  on  the  mammary 
symptoms  added  themselves  to  these.  Within  a  month  before  I  saw  her  Mr*,  A.'s 
friends  as  well  as  her  physician  began  lo  not  ice  thai  she  looked  badly,  and  tljis  fact, 
together  with  (he  isymptom!;  which  1  have  mentioned,  induced  Dr.  McBurney  to  advise 
that  a  thorough  physical  investigation  should  be  made. 

Upmi  exaniining  f>y  touch  he  discovered  lo  the  left  of  the  uterus  a  cyst  which  filled 
the  iliac  Ui%vx  and  pressed  the  utcnjs  over  lo  the  right  side  of  the  pelvis.  It  waj.  under 
these  circumstances  that  he  requested  me  to  see  Mrs.  A.  with  him.  Upon  passing 
the  left  index  linger  up  the  vagina  I  discovered  an  elastic  and  scn>ilive  cy»t  to  ihe  left 
of  the  pelvis,  filling  the  iliac  fossa  of  that  side  completely.  Placing  the  pahn  of  the 
right  hand  over  the  abdomen  externally  and  practicing  enjoined  manipulation,  a  dis- 
tinct rounded  mass  could  be  felt,  which  was  quite  sensitive  to  pressure  and  which 
yieldetl  very  clearly  the  sens.i;tion  of  fluctuation.  This  M'as  very  closely  connected 
with  the  uterus,  which  could  be  di-^tinctly  mapped  out  lying  along  side  of  and  in  im- 
mediate contact  with  it.  The  uterus  was  smaller  than  lhi«  mass,  and  although 
tncrcasetl  in  size,  was  not  so  large  .is  it  should  have  been  at  or  near  the  third  month 
of  utero-gestation.  Conjoinetl  maniputalinn  being  practised  with  one  finger  in  the 
rectum,  under  the  extra-uterine  mass,  the  points  which  I  have  detailed  could  tjc  ma<le 
out  with  still  greater  certainty,  and  I  even  ihuught  that  I  got  the  evidence  of  baU 
lottcroenl,  though  of  this  I  was  not  certain. 

I  arrived  very  positively  at  tlie  diagnosis  of  extra-uterine  pregnancy,  as  Dr, 
McBurney  had  done,  and  at  my  suggestion  Dr.  T.  A.  Emmet  was  requester!  to 
examine  our  |>aticnt  later  in  the  day. 

It  was  agreed  that  Dr.  Emmet  should  see  her  alone,  and  that  no  intimation  should 
be  made  to  him  of  Ihe  opinion  at  which  we  had  arrived.     H<<  did  so,  and  at  once  and 
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very  positively  agreed  with  us  in  diagnosis.  Tiie  abdominal  walls  of  onr  patient  were 
very  thin,  and  she  was  so  perfectly  manageable  and  so  desirous  of  aiding  ns  to  the 
extent  of  her  power  in  arriving  at  a  correct  conclusion,  that  the  shape  of  the  uterus 
and  of  the  mass  which  existed  in  contact  with  it  could  be  mapped  out  with  ihe  most 
complete  certainty.  The  only  possible  error,  it  seemed  to  me,  which  could  affect  the 
diagnosis  was  this  :  there  might  exist  a  bi-comate  uterus  and  the  left  horn  might  be 
the  habitat  of  the  foetus.  To  clear  up  this  doubt  and  to  make  the  size  and  position 
of  the  uterus  still  more  certain,  I  met  Drs.  Emmet  and  McBumey  on  the  next  day 
and  exposing  the  cervix  uteri  with  a  Sims'  speculum  cautiously  passed  the  uterine 
sound.  It  was  deflected  decidedly  lo  the  right  and  passed  in  for  a  distance  of  be- 
tween three  and  four  inches,  I  turnefl  it  to  the  left  and  endeavored  very  gently 
and  cautiously  to  penetrate  the  mass  in  the  left  iliac  fossa,  bat  it  was  impossible  to 
do  so.  Drs.  Emmet  and  McBurney  then  used  the  sound  so  as  to  satisfy  themselves 
thoroughly  as  to  the  depth  and  position  of  the  uterus  and  its  relation  to  the  cyst  on 
the  left  of  it. 

The  impression  left  upon  our  minds  upon  these  points  is  best  represented  by  the 
following  sketch. 
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The  extrtt-uteriQe  mass  was  very  slightly  movable,  and  it  differed  fi-om  cases  of 
tubal  pregnancy,  which  I  have  had  the  opportunity  of  examining,  in  the  fact  that  it 
seemed  to  be  more  intimately  connected  with  the  uterus  ils«lf.  Dr.  Emmet  thought 
that  by  conjoined  manipulation  he  succeeded  in  getting  ballottement.  I  wasdoubt> 
fol  whether  1  got  it,  and  I  was  incline<l  to  attribute  the  obscurity  as  to  this  point  and 
the  denije  and  rather  nodular  feel  of  the  lower  |»ortion  of  the  mass  to  the  fact  that  the 
placenta  intervened  between  the  finger  and  the  fcetus. 

Upon  one  point  connected  with  the  use  of  the  sound  I  am  entirely  positive,  and 
upon  this  I  desire  especially  to  fix  attention.  I  «<*d  the  insimmenl  so  as  certainly 
to  have  broken  the  fcetal  envelopes  and  allowed  the  escape  of  the  liquor  amnii  had 
tlie  gestation  been  uterine.     The  uterus  was  certainly  empty. 

The  condition  of  affairs  was  now  fully  explained  to  the  relatives  of  the  patient* 
who  left  the  conduct  of  the  case  imreservedly  to  our  discretion. 

The  prognosis  of  this  case  was  at  this  period  by  no  means  so  grave  as  it  <iometimes 
is  in  cases  of  a  somewhat  similar  character,  where,  as,  for  example,  in  one  published 
by  myself  about  three  years  a^o,  abundant  evidences  exist  that  rupture  i<i  imminent. 
In  tome  cases  it  is  certain,  and  in  all  it  is  highly  probable,  that  rupttirc  generally 
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occur*  in  the  Fallopian  tube  in  tubal  pregnmcy  from  contraction  of  this  distendH 
muscular  canal,  the  walls  of  which  ore  composed  of  tissue  identical  in  nature  with 
ihat  which  forms  the  uterus.  The  lul)C  develops  and  grows  as  the  uterus  does  in 
normal  pregnancy  in  an  effort  to  meet  the  requirements  of  the  growing  foetal  mass^ 
Arrived  at  a  certain  period  of  distention,  the  tube,  acting  as  a  vicarious  uterus,  eo« 
deavors  to  rid  it&elf  of  its  contents,  and  after  greater  or  less  effort,  being  iCiisted  by 
the  constricted  extremities  which  separate  it  from  the  uterus,  on  the  one  hand,  and 
the  peritoneal  cavity  on  the  other,  ruptures  in  its  attempts  to  accomplish  the  result. 
That  a  blow,  fall,  or  effort  of  the  abdominal  muscles,  or  that  mere  hydrostatic  pres- 
sure exerted  by  the  accumulation  of  liquor  amnii  could  and  sometimes  docs  cause 
rupture  of  the  fcelai  nest  no  one  can  doubt,  but  we  have  evidence  of  the  fact  that  the 
tube  does  contract  with  great  energy  under  the  stimulus  of  distention  in  tho^e 
clonic,  mtermitlent,  cramp-Uke,  and  agonizing  efforts  which  often  precede  the  fatal 
issue  in  these  unfortunate  cases.  In  the  case  of  my  own  just  referred  to,  intermit- 
tent pains  over  the  tumor  were  s.-)  severe  that  for  several  weeks  before  removil  of 
the  foL'tus  by  vaginal  section  the  patient  had  to  be  kept  almost  constantly  under  the 
profound  influence  of  opium  administered  by  the  liypyodermic  syringe.  That  these 
"cramps,"  as  the  patient  styled  them,  were  really  due  to  contraction  of  the  tube  was 
readily  ascertained  by  conjoined  manipulaiion  practised  during  the  existence  of  one 
of  them,  when  the  mass  could  be  felt  c  mlracting,  condensing,  and  hardening  itself. 

The  question  of  treatment  now  came  under  consideration  in  the  consultation,  and 
three  plans  were  fully  canvassed  ;  first,  that  of  leaving  the  case  to  nature  and  a«>a.tt- 
ing  events;  second,  the  resort  to  removal  of  the  fcetus  by  elytrotomy;  and,  third, 
the  destruction  of  the  life  of  the  fcetus  by  passing  through  the  extra-uterine  mass  a 
strong  electric  current.  After  some  discussion  the  last  plan  was  agreed  upon,  no  one 
advocating  the  first.  My  voice  was  strongly  in  favor  of  destroying  the  life  of  the 
embryo  and  leaving  it  intact  in  its  envelopes,  in  the  hope  thai  it  might  become  to  a 
certain  extent  absorbed  and  then  encysted.  In  the  case  already  alluded  to,  in  which 
I  removed  the  foetus  by  clytrotamy,  the  urgency  was  so  great  from  distention  and 
contraction  of  the  tube  that  I  dirl  not  venture  to  resort  In  any  means  which  involved 
delay  or  might  excite  muscular  spasm.  In  that,  too,  the  vaginal  exposure  of  the 
fnetal  ball  was  much  niore  superficial  and  easily  attainable  than  in  this,  in  which,  as 
I  have  said,  I  had  reason  to  fear  that  the  placenta  intervened  between  the  foetal  bodf 
and  the  vaginal  wall. 

On  January  3d.  at  2  P.M.,  Dr.  Rockwel!  me|  Drs.  Emmet,  McBurney,  and  myself, 
bringing  with  him  a  galvanic  battery  of  thirty -six-cell  power,  and  we  proceeded  to 
pass  the  interrupted  current  through  the  mass  for  the  destruction  of  ftvial  life. 

The  battery  being  ready.  I  passcvl  through  the  rectum  a  sponge  electrode  mounted 
upon  an  insiilatetl  handle,  and  placed  it  just  under  the  foetal  ball.  Then  placing  a 
broad,  flat  sponge  electrode  over  the  abdominal  face  of  the  mass.  I  pres«eti  it  down 
with  the  palm  of  the  right  band,  the  patient  lying  upon  the  back,  and  a  gentle  cur- 
rent was  passed.  The  patient  becoming  soon  accustomed  to  this.  Dr.  Rockwell 
gradually  increased  it,  and  stopped  the  application  at  the  end  of  five  minutes. 

On  the  next  morning  (January  4ih),  at  9^  A.M.,  the  current  was  again  passed  with 
a  force  of  twenty-three  cells  for  three  and  a  half  minutes,  and  an  appointment  made 
for  half  past  nine  the  next  morning. 

A  fter  the  first  current  slight  painful  contractions  were  excited  in  the  foetal  envelope 
and  some  tenderness  was  developed  in  all  the  abdomtnii  muscles,  but  neither  pulse 
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nor  temperature  were  aflfected.  After  the  second,  decided  and  very  painrul  contrac- 
tions were  excited,  so  that  opium  had  to  be  freely  used  to  quiet  sufiering.  The 
pulse  gradually  rose  to  112  to  the  minute,  and  the  temperature  to  loif\  The 
whole  abdomen  was  tender  to  pressure,  but  none  of  the  symptoms  were  of  such 
character  or  magnitude  as  to  create  appreJiension!»  of  inflammatory  trouble.  A  dis- 
charge of  blood  from  the  uterus  now  established  itself,  and  continued  to  the  end  of 
the  case. 

On  the  evening  of  this  day  it  was  felt  that  the  death  of  the  foetus  was  in  all  proba- 
bility accomplished. 

On  the  next  day  (January  5th),  at  9  A.M.,  I  met  Drs.  Emmet  and  McBumey. 
We  found  things  in  accordance  with  the  report  of  yesterday,  and  determined  to  await 
events  with  this  preparation  for  the  worst  that  could  befall — everything  was  fully  pre- 
pared in  an  adjoining  room  for  the  immediate  performance  of  gastrotomy  if  sj  mptoms 
of  rupture  and  extension  of  the  fcelus  into  the  peritoneal  cavity  showed  themselves. 
The  contractions  of  the  tube  were  so  strong  and  often  repeated  that  we  cuuld  not 
divest  ourselves  of  the  fear  thai  before  they  could  be  quieted  by  opiates  and  time,  a 
Solution  of  continuity  might  occur  at  the  point  of  maximum  distention. 

Palpation  being  carefully  made  at  this  time,  the  uterus  could  Ije  distinctly  felt  non- 
coutractile  and  quiescent  in  Its  normal  position,  while  along  side  of  it  the  larger  foetal 
shell  could  be  distinctly  distinguished,  at  times  as  round  and  apparently  as  hard  as  a 
bdliardhall. 

At  II  A.  M.  on  this  same  day  (January  3t!t  1  received  a  note  from  Dr.  McDurney, 
who  now  remained  with  the  patient  day  and  night,  summoning  me  in  haste,  and  say- 
ing that  things  had  suddenly  and  most  decidedly  changed.  The  tumor  in  lljc  left 
iliac  fossa  had  greatly  diminished  in  size,  while  the  uterus  had  suddenly  become 
greatly  distended  and  blood  was  pouring  away  from  it  freely.  I  met  him  in  half  an 
hour  afterward,  when  I  discovered  that  this  uterine  tumor  had  likewise  disappeared 
simultaneously  with  the  expulsion  of  a  fcetas  and  a  placenta  of  perfect  character.  At 
the  time  that  the  tumor  of  the  iliac  fo.<>sa  had  disappeared,  the  patient  herself  noticed 
the  alteration  in  the  relation  of  itself  and  the  uterus,  which  has  been  mentioned 
above,  and  was  struck  by  the  sudden  transference  of  the  seat  of  pain.  When  ibis 
occurreti  Dr.  McBumey,  supposing  that  the  uterus  was  distended  by  blood,  made  a 
vaginal  examination  and  was  surprised  to  find  a  distinct  sac,  like  a  bag  of  water,  pro- 
truding from  the  os  uteri  externum.  Anxious  to  be  certain  if  this  were  the  case,  he 
parsed  a  speculum  and  discovered  that  it  was  so.  He  then  punctured  the  sac,  which 
he  found  very  strong  and  resL'^ting,  and  the  fuetus  and  placenta  were  soon  expelled. 

The  hemorrhage  now  ceased,  as  did  likewise  all  pain  and  discomfort,  and  the 
patient  did  well.  On  the  next  day  (January  6th)  I  found  her  feeling  very  well  both 
mentally  and  physically.  Throughout  the  course  of  the  case  it  appeared  that  she  had 
fully  understood  its  nature  and  its  dangers,  and  had  calmly  nerved  herself  to  bear 
with  fortitude  whatever  fate  might  be  in  store  for  her.  A  year  or  two  before  this  a 
woman  had  died  from  this  cause  in  a  country  town  in  which  she  was  spending  the 

mmer  holidays,  and  village  g^ossips  had  made  her  familiar  with  the  difficulty.  On 
tliis  visit  I  examined  carefully  the  uterus  and  iate  foetal  nest.  The  former  could  be 
distinctly  mapped  out  and  was  found  to  be  very  slightly  sensitive  to  presisure.  The 
latter  could  be  felt  with  almost  equal  distinctness,  though  now  insignihcant  in  bulk 
in  comparison  with  its  size  of  twenty-four  hours  ago,  and  to  the  loach  it  was  ezaais- 
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ttely  scasitive.  The  uterus,  now  no  looger  pressed  into  right  lalero-versioc  by  a», 
obtruding  mass  iipoa  it!(  left,  hiJ  rename  I  its  normal  posilioa  in  the  jielvis.  Fi^ 
135  will  convey  an  idea  of  the  impression  left  upon  my  mind  by  this  examioAtioa. 
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From  this  time  the  patient  progressed  without  any  noteworthy  occurrence  to  coo>> 
plete  recover)'. 

The  termination  of  this  form  of  extrauterine  pregnancy,  by  expulsion  ol  the  rortos 
and  placenta  through  the  uterus  (which  is  under  these  circumstances  brought  into 
action  merely  as  a  prolongation  of  the  vagina),  is  by  no  means  unknown. 

The  first  attem[n  was  tiuide  with  seventeen  ordinary  zinc-carbon  cells 
freshly  charged.  Frequent  interruptions  were  made  (about  1 20  to  the 
minute),  and  excluding  short  intervals  of  rest  the  patient  was  tinder 
the  inllucnce  of  the  current  about  three  minutes.  The  muscles  of  the 
abdomen  aivd  limbs  were  somewhat  violently  contracted,  and  some  pain 
was  caused,  but  the  patient  was  perfectly  comfortable  upon  the  cessa- 
tion of  treatment.  The  second  application  was  begun  with  eighteen 
ceUs»  and  this  number  was  gradually  increased  to  twenty-three. 
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The  second  case  upon  which  Dr.  Rockwell  operated  was  in  the 
practice  of  Dr.  C.  E.  Hillington,  the  accuracy  of  whose  diagnosis  was 
again  confirmed  by  Dr.  Thomas.  The  result  in  this  case  was  entirely 
successful . 

The  third  case  he  treated  for  Dr.  Bache  Emmet,  who  had  in  con- 
sultation both  Dr.  T.  Addis  Emmet  and  Dr.  T.  G.  Thomas.  Dr. 
Emmet's  account  of  the  case,  with  its  favorable  termination,  may  be 
found  in  the  JVcw  Yark  Medical  Journal. 

In  the  fourth  case  he  operated  for  Dr.  Everett  Herrick,  the  diagnosis 
being  doubly  confirmed  by  Drs.  Thomas  and  Enmiet.     In  this  case 


EXTRA' UTERINE  PREGNANCY- 


6ii 


agaio  the  foetus  was  effectually  destroyed,  followed  by  the  prompt  re- 
covery of  the  mother. 

At  the  last  meeting  of  the  American  Gynecological  Society  at  Boston, 
Dr.  T.  G,  Thomas  read  an  exhaustive  paper  upon  the  subject,  giving 
the  histories  of  some  twenty  cases  of  extra-uterine  pregnancy  that  had 
fallen  under  his  observation,  togetiier  with  au  account  of  most  of  the 
cases  to  which  allusion  has  been  made,  and  in  which  electricity  was  so 
successfully  used.  In  addition  to  these  Dr.  Rockwell  has  more  re- 
cently seen  and  operated  upon  three  other  cases  of  like  character  that 
have  never  been  reported,  and  which,  if  possible,  even  more  strongly 
confirm  the  incalculable  value  of  the  treatment  in  these  dangerous  but 
soniewhat  rare  abnormalities  of  pregnancy. 

The  fifth  case,  which  he  saw  with  Dr.  N.  S.  Westcott,  was  of  a  most 
interesting  and  unusual  character,  from  the  fact  that  with  a  normal 
uterine  pregnancy  was  associated  what  we  have  every  reason  to 
believe  was  a  tubal  or  extra-uterine  pregnancy.  Dr.  Westcott  had 
previously  called  Dr.  Thomas  in  consultation,  and  it  was  at  his  sugges- 
tion that  electricity  was  used.  Tlie  patient,  a  lady,  aged  about  thirty, 
last  menstruated  August  6,  1882.  Subsequently  she  complained  of 
more  or  less  discomfort  and  pain,  with  tenderness  in  the  region  of  both 
ovaries,  but  especially  marked  on  the  left  side.  On  September  i8th 
an  internal  examination  was  made,  and  by  conjoined  manipulation  a 
small  tumor  was  discovered,  about  the  size  of  a  pullet's  egg.  It  was 
situated  some  two  inches  to  the  left  of  the  median  line,  nearly  on  a 
level  with  the  brim  of  the  pelvis,  and  could  be  moved  from  Douglas' 
cul-de-sac  toward  the  margin  of  the  ribs.  The  tumor,  gradually  in- 
creased until  it  was  larger  than  a  billiard-ball.  There  seemed  to  be  no 
reasonable  doubt  as  to  its  character,  and  on  October  24th,  the  treat- 
ment by  electricity  was  attempted. 

The  constant  current  was  used,  with  one  pole  introduced  lo  the  mass 
through  the  vagina,  and  the  other  over  the  tumor  externally  and  with 
rapid  interruptions.  The  maximum  of  current  strength  ejuployed  was 
eighteen  cells,  or,  to  speak  more  accurately,  as  different  apparatus  vary 
much  in  electro-motive  force,  a  power  of  twenty-four  volts. 

This  operation  was  repeated  on  October  25th,  28th,  and  30th,  caus- 
ing the  tumor  not  only  to  perceptibly  decrease  in  size,  but  to  change 
its  seat  by  an  inch  or  so  as  well.      Since  the  last   treatment  it  has 

■  gradually  grown  smaller,  until  at  the  present  date  it  can  barely  be  de- 

■  tec  ted.     At  the  same  time  there  is  now  developing  in  the  uterus  a  six 

■  months'  fcetus. 

I  The  sixth  case  occurred  in  the  person  of  a  young  unmarried  woman, 
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The  paocat  iMd  cwfcriTirrl  to  die  poasftilitj  of  prtegnaocj, 
aad  exainatkm  elidced  masf  of  the  oijjecdve  aad  aabfcctive  sigBsel 
this  ooBobOB.  }f ssaeA  occuned  ciefj  nkoram^  md  cmMBgt%  OM 
taken  pbce  in  the  areola.  Digital  riamiiurkm  lerealed  the  bet  dat 
the  ot  oteri  vas  litiJe,  if  anj,  changed  from  its  noraial  cooditioo.  Bf 
!■!  ■iin  over  the  right  aide  k  vas  powwbhr  to  fed  a  certain  haxdneas 
not  present  on  the  other  side,  but  bj  conioiDed  taanipalatioo,  with  ooe 
fiager  in  the  vagina,  a  <<t«tiiw»  roonded  mass  conld  be  fdt. 

Ejounnadoa  per  rectum  rcrealed  its  presence  even  more  distiactlff. 
If  prcgnancj  existed — and  of  this  there  .seea>ed  to  be  no  reasoaable 
doabc — it  had  adraoced  nearlj  to  the  fourth  month,  and  as  the 
was  Urge,  much  btiger  than  in  the  case  jnst  related,  there  was 
dcatljr  no  time  to  lose.  Dr.  Rockw^  had  broogjht  with  him  a  suit 
apparatps,  and  immediateljr  operated  by  xntrodociQg  ooe  pole  into  i 
rectaro,  and  ptadiig  the  other  externally.  On  aoooant  of  the  great  dis- 
tention of  the  Fallopian  tube,  and  the  danger  of  rapture,  he  felt  the 
necessity  of  exercising  the  utmost  care,  and  consequently  made  oae  of 
the  interruptions,  with  a  current  strength  of  hot  twelve  cells,  or  about 
sixteen  volts.  The  current  would  then  be  quickly  increased  withoQt 
interruption  and  allowed  for  a  moment  to  pass  in  a  continuous  stream. 
The  treatment  was  concluded  by  a  second  application  on  the  follow* 
ing  day.  Visiting  the  patient  some  two  weeks  subsequently,  be 
found  that  the  tumor  had  decreased  in  size  at  least  one-half^  and 
at  this  time,  after  the  lapse  of  several  months,  it  may  be  said,  so 
far  as  any  external  evidence  of  it  is  concerned,  to  liave  entirely  disap- 
peared 

The  last  case  is  as  follows  :  On  December  14,  18S2,  Dr.  Rockwell 

was  informed  by  Dr.  H.  Marion  Sims,  that  Mrs.  A ,  a  patient  of 

his,  was  suffering  from  extra-uterine  pregnancy,  and  was  by  hitu  re> 
quested  to  undertake  the  destruction  of  the  foetus  by  electricity. 

Although  married  a  number  of  years,  she  had  never  before  been 
pregnant.  Dr.  Sims,  on  first  discovering  the  possibilities  of  this  con- 
dition, called  in  consultation  Dr.  T.  Addis  Emmet,  who  positively 
confirmed  the  diagnosis.  The  pregnancy  had  advanced  to  the  third 
month,  and  the  tumor,  which  was  about  the  size  of  a  child's  fist,  was 
movable  and  could  be  distinctly  felt  both  from  without  and  within. 
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The  size  of  the  enlargement  was  such  that  ihe  operation  was  urged 
ill) mediately.  For  fear  that  the  cyst  roight  be  in  danger  of  ru|>ture 
through  uncontrollable  movements  of  the  patient,  Dr.  Enmiet  advi;sed 
the  administration  of  an  anaesthetic. 

Ether  having  been  given  by  Dr.  M.  H.  Nash,  Dr.  Sims  placed  the 
uterine  electrode,  and  shocks  from  a  galvanic  current  of  but  sixteen 
volts  in  strength  were  passed  through  the  fijeial  mass. 

The  mildness  of  the  treatment  was  necessitated  because  of  the  un- 
usual nerve-irritability,  and  the  violence  of  the  muscular  contractions. 

Although  it  was  probable  that  the  destruction  of  the  foetal  life  had 
been  effected  at  the  first  seance,  the  operation  was  repeated  on  the 
i8th,  24th,  and  27th  of  December,  for  the  purpose,  first,  of  absolute 
certainty,  and  second,  to  accelerate  the  absorptive  process.  The  con- 
tour and  seat  of  the  tumor  were  not  only  changed  after  the  first  appli- 
cation, but  It  rapidly  decreased  in  sire.  The  patient  experienced  no 
unpleasant  effects,  and  within  a  short  time  was  able  to  start  for  Eu- 
rope. 

In  the  treatment  of  extra-uterine  pregnancy,  it  is  an  mii>ortant  point 
to  be  decided,  as  to  the  best  form  of  electricity  to  be  used.  Not  only 
has  galvanism  and  electro-magnetism  been  successfully  employed,  but 
it  is  said  that  the  common  magneto-electric  battery  has  also  proved 
sufficient ;  but  from  both  a  physical  and  physiological  point  of  view,  and 
as  well  through  the  teachings  of  experience,  we  cannot,  for  our  part* 
doubt  that  galvanism  is  preferable  to  the  other  forms.  It  is  more  cer- 
tain in  its  effects.  It  has  a  greater  power  of  overcoming  resistance, 
and  consequently  its  influence  is  felt  deeper  than  the  other  forms. 
Four  important  effects  attend  the  passage  of  the  electric  current 
through  the  living  body,  and  all  these  undoubtedly  enter  as  factors, 
either  in  destroying  the  life  of  tlie  fietus  or  in  the  subsequent  process 
of  absorption. 

These  effects  may  be  designated  as  mechanical,  physical,  chemical, 
and  physiological. 

The  mechanical  effects  of  the  interrupted  galvanic  current  are  equal 
to  those  of  the  faradic  current,  while  the  physical  effects,  manifested 
by  heat,  and  the  modification  of  endosmose  and  exosraose  are  in  the 
main  the  results  of  galvanic  action. 

By  the  passage  of  the  galvanic  current,  the  endosmotic  phenomena 
may  be  both  stimulated  and  reversed.  The  faradic  current  from  the 
secondary  coil  produces  no  such  effect.  The  current  from  the  mnef 
coil  produces  these  effects,  but  in  a  much  less  degree.  Chemical  or 
electrolytic  effects,  again,  are  almost  wholly  the  result  of  galvanic  ac- 
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tion,  and  it  should  be  remembered  that  the  electrolysis  of  organic  sub- 
stances starts  a  process  that  continues  long  after  the  current  ceases  to 
flow.  The  physiological  effects  of  electricity  are  those  which  take 
place  by  virtue  of  the  vital  properties  of  the  body,  and,  unlike  the  other 
effects,  are  only  observed  in  living  substances.  Physiological  effects 
are  manifested  on  the  circulation,  on  secretion  and  excretion,  but  only 
as  absorption  is  effected  does  it  interest  us  here,  and  it  is  quite  evi- 
dent that  the  absorptive  powers  of  the  secondary  current  are  quite 
limited 

In  any  case  of  tubal  pregnancy,  and  especially  in  those  advanced 
conditions  where  the  tube  is  greatly  distended,  and  there  is  danger  of 
spontaneous  nipture,  the  possibility  of  Jiastening  this  catastrophe  in 
the  attempt  to  destroy  the  life  of  the  ftjetus  should  never  be  lost  sight 
of.  The  tubes  themselves  are  but  slightly  supplied  with  muscular  fibre, 
and  the  danger  would  more  especially  arise  from  the  powerful  com- 
pression that  is  liable  to  be  exerted  by  the  abdominal  muscles,  and  the 
effort  should  be  so  to  diffuse  the  current  proceeding  from  the  external 
pole  as  to  produce  the  least  mechanical  effect  possible.  In  regard  to 
the  diagnosis  of  extra-uterine  pregnancy,  it  must  be  confessed  that  it 
is  not  always  an  easy  matter,  and  in  the  cases  just  related  the  question 
may  arise  as  to  its  accuracy.  The  eminence  of  the  gentlemen  associ- 
ated in  the  cases  should  perhaps  be  a  sufficiently  strong  argument  for 
the  correctness  of  the  diagnosis,  but  conclusive  evidence  lies  also  in 
the  effects  of  the  treatment  itself.  The  results  of  the  electrolysis  arc 
well  known,  but  in  no  other  form  of  tumor,  cystic  or  otherwise,  is  it 
possible  for  the  galvanic  current,  used  as  described,  to  produce  similarly 
prompt  and  effective  results.  In  regard  to  the  effects  of  electricity  on 
normal  pregnancy,  suggested  by  the  case  of  double  pregnancy  that  we 
have  related,  a  word  may  be  said.  It  is  a  mistake  to  suppose  that 
abortions  are  readily  produced  by  electricity.  Without  the  electrode 
is  introduced  directly  into  the  uterus,  which  would  of  course  be  suffi- 
cient without  the  passage  of  any  current,  the  strongest  treatment  that 
it  is  prudent  to  give  may  prove  insufficient.  Of  this  we  have  had  evi- 
dence in  several  justifiable  attempts  to  bring  on  a  miscarriage.  In  the 
case  just  alluded  to  the  current  was  strong,  applied  by  shocks,  and  in 
close  proximity  to  the  uterus,  affecting  it  not  only  reflexJy,  but  in  some 
measure  directly,  yet  the  normal  pregnancy  was  in  noways  disturbed  ; 
and,  so  far  as  concerns  general  applications  for  the  production  of  con- 
stitutional tonic  effects,  we  have  in  many  instances  administered  thera 
with  impunity  through  the  whole  course  of  gestation,  and  with  the  most 
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happy  results.  The  question  may  be  asked,  What  becomes  of  the  foetal 
mass,  after  its  destruction  by  the  electricity?  The  probability  is  that 
it  first  becomes  encysted  and  then  gradually  absorbed.  At  all  events, 
in  all  of  the  foregoing  cases,  the  enlargement  entirely  disappeared 
within  a  comparatively  short  time,  and  was  not  the  cause  of  the 
-slightest  discomfort 


CHAPTER  XXXTV. 

MtnriClAL    RBSPflUTION     BY     ELECTRIZATION    IN  CASKS   OT  ATPAimrf 
DEATH      PROM      DROWNING,   OR    SUFFOCATION     THROUGH    POBOVOOt. 
CASKS,  OR   IN  ASPHYXU  OF  NEW-BORN   INFANTS. 

Thk  process  of  exciting  artificial  respiration  by  £uadization  *  is  at 
follows : 

I.  Ld  an  assistant  put  At  head^  shoulders^  andarwu  df  thepatitmi  m 
Mjixtd  p0siiUmy  while  another  stands  ready  to  assist  the  expirat9ry 
m^vementt  hy  pressure. 

3.  Graduate  the  eurrent  tv  a  strength  st^fciemt  ia  praimce  vigaram 
emtr^utimu  of  the  museles  of  the  hall  of  ike  ikumt,  mudthtm  press  the 
sponge  eUOrodes  (wkUk  should  be  of  large  siae  amd  well  moisUmed} 
frudy  owier  tkepkrenie  nerves  ai  the  outer  borders  of  the  stemo^elekk- 
wmtioid   mmscles  and  at  the  lower  end  of  the  sealeni  muscles. 

^  JnUrrupt  the  eurrent  (either  by  remopdtg  one  ef  Ike  eUOrodiS^  or 
ky  am  mterrt^ierXmbtmi  three  times  a  aumate,  mhUe  tke msaOani prettu 

4.  If  erfier  m  muwAer  of  isdufupHons  mo  imspirmiory  mooemenis  ap- 
poar^  increase  the  U^engik  of  the  current, 

Ia  sooK  cases  it  is  saikieiit  to  pot  one  dfcctiode  Offcr  the  phicnie 
■are  sad  tke  other  in  dKsevcBlh  iMereostal  space. 

Lar^  electrodes  are  used  so  as  to  affect  the  other  ■— rrli  1  «hidi 
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irnere  the  irritability  is  loat  to  the  faradic.  The  same  writer  presents 
a  number  of  successful  I  esults  in  cases  of  poisoning  by  carbonic  acid 
gas  with  this  method  of  treatment  from  his  own  and  other  experience.* 

In  opium  poisoning  artificial  respiration  by  faradization  may  be  tried 
cithet  alonr  or  in  connection  with  other  methods.  Dr.  Iram  has  re- 
ported a  case  of  opium  poisoning,  which  recovered  on  the  application 
of  one  pole  to  the  neck  and  the  other  to  the  perinasum,  after  tanmn.. 
coffee,  and  tartar  emetic  had  been  unsuccessfully  employed  for  several 
hours. 

Those  who  attempt  to  produce  artificial  respiration  in  emergencies 
are  frequently  unfamiliar  with  the  motor  point  (see  p.  287)  of  the  phre^ 
nic,  and  therefore  apply  the  pole  in  the  neck  indiscriminately.  A 
medical  acquaintance  informs  us  that  an  attejupt  of  this  kind  which  he 
made  in  a  case  of  opium  poisoning  proved  instantaneously  fatal  to  the 
patient.  Under  ordinary  methods  ihe  patient  was  recovering,  but  in 
order  to  expedite  the  progress,  faradization  was  tried.  One  pole  was 
placed  on  the  ribs,  and  the  other  somewhere  in  the  neck,  in  order  to 
find  the  phrenic  nerve.  Immediately  the  patient  ceased  to  breathe^  and 
no  further  treatment  availed  to  resuscitate  her. 

This  case,  so  far  as  we  know,  is  unprecedented.  It  is  explicable  only 
on  the  theory  that  the  shock  of  the  sudden  closure  of  the  current  near 
the  nervous  centre  destroyed  the  waning  life  by  concussion. 

This  unique  and  unfortunate  case  should  not  deter  any  physician 
from  resorting  to  the  electric  method  of  artificial  respiration  in  all  cases 
where  it  is  indicated,  any  more  than  the  equally  imique  case  of  blind- 
ness produced  by  the  galvanic  current  (recorded  by  Duchenne)  should 
deter  us  from  galvanizing  the  eyes  and  face. 

Meyer  records  a  successful  result  in  a  case  of  threatened  death  from 
exhaustion  after  diphtheria,! 

Friedberg  |  succeeded  in  restoring  a  child  of  four  years,  asphyxiate 
by  chlorofonn,  by  this  method,  combined  with  compression  of  the  dia- 
phragm.§ 

Many  failures  have  been  made  in  the  attempt  to  produce  artificial 
respiration  by  faradiiation,  because  the  operators  were  ignorant  of  the 
true  method  of  application,  or  were  not  sufficiently  persevering. 

Dr.  Beard  has  twice  failed  to  resuscitate  dogs  that  were  narcotized  by 

*  Die  £lectridtiit  in  del  Mediae,  1866,  p.  174  etieq. 
f  Op.  cit.,  p.  431. 

X  Quoted  by  Meyer,  op  dt.,  pp.  431,  432. 

g  Irritation  of  the  phrwiic  oenre  might  be  readily  combined  with  Howmrd*!  method 
of  aitiAdiLl  respiration. 
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chloroform,  although  the  applications  were  begun  in  less  than  a  minute 
after  the  heart  ceased  to  pulsate. 

He  failed  also  in  a  case  of  opium  poisoning  in  an  infant  six  weoks  old. 

Some  remarkable  results  have  been  reported  where  life  was  saved  by 
faradization  around  the  neck  and  chest,  kept  up  by  intervals  for  many 
hours. 

Dr.  Allan  McLane  Hamilton,  from  a  number  of  interesting  experi- 
ments undertaken  to  test  t^e  utility  of  electricity  in  asphyxia,  concludes 
as  follows ; — 

ist.  That  it  is  useless  to  expect  good  results  if  five  minutes  have 
elapsed  since  life  appeared  extinct. 

id.  That  the  cunent  should  be  applied  faitlifully  and  steadily^  on« 
pole  being  placed  on  the  ensifonn  cartilagej  the  other  on  the  base  of 
the  skull  or  over  the  tracks  of  the  great  nerves  of  the  neck. 

3d.  That  the  faradic  and  interrupted  galvanic  currents  are  the  best. 

4th.  That  the  current  should  be  applied  some  time  after  respiratory 
movements  have  become  regular.* 

Reiuscitation  of  New-born  CAi/drfn.-^Saccess(\i\  exjieriments  in  the 
resuscitation  of  new-born  children  have  been  made  by  Schiilz  and 
Fernicc.  The  latter  succeeded  in  three  out  of  five  cases.  In  one  of 
hit  cases  tl^c  child  was  born  to  all  appearance  dead.  Restoration  was 
accomplished  in  half  or  three-quarters  of  an  hour  by  the  alternate  use 
of  the  warm  bath  and  faradization  of  the  phrenic  nerve. 

Legros  and  Onimus  f  have  experimented  on  animals^rats,  dogs — 
wiA  a  view  to  bringing  on  resuscitation  during  syncope  from  loss  of 
blood  They  used  the  galvanic  current,  placing  the  negative  pole  in 
the  mouth  and  the  positive  in  the  bowels. 

Dr.  Rockwell  has  treated  several  cases  of  suspended  respiration.  A 
oew-born  babe  was  to  all  appearances  dead ;  faradization  of  the  phrenic 
nerve  resulted  m  decided  manifestations  of  life  for  a  few  moments 
only.  In  the  case  of  a  lady  who  was  in  a  state  of  asphyxia— from  a 
subcutaneous  injection  of  morphine — faradization  of  the  phrenic  nerve 
excited  respiratory  movements  which  were  repealed  some  twelve  or 
fifteen  times  after  the  current  ceased  to  pass.  He  did  not  succeed  is 
•aving  the  patient. 


*  Electricity  as  a  Means  of  Resuscitation, 
t  Gac  dcs  H6p.,  No.  53. 


Ame^kan  Practitioner,  OcL,  x^Ta. 


CHAPTER  XXXV. 

DISEASES   OF   THE    HEART   AND    LUNOS 

Palpitation  cf  the  Heart, — That  galvanization  of  the  sympathctk 
And  general  electrization  have  a  positively  accelerating  or  sedative 
tffect  on  the  action  of  the  heart,  we  have  demonstrated  by  a  large 
number  of  experiments.  (See  Electro-Physiology.)  This  effect  is  pro- 
duced by  the  action  of  the  current  on  the  sympathetic  or  the  pneumo- 
gastric  in  the  neck,  or  in  general  electrization  it  may  also  result^ 
♦ccondarily,  from  the  influence  that  the  system  at  large  receives  from 
the  application. 

Cases  of  functional  disturbance  of  the  heart,  associated  with  dyspep- 
sia and  hysteria  and  anaemia,  we  have  found  to  yield  to  general  faradi- 
zation in  a  large  variety  of  instances,  even  when  no  special  attention 
was  directed  to  the  sympathetic  or  the  pneumogastric 

Fliess  experimented  with  the  galvanic  current  in  twenty-four  cases, 
nineteen  of  which  were  functional,  and  five  of  an  organic  character. 

All  the  cases  were  more  or  less  relieved,  even  those  dependent  on 
stnictilral  lesion,  while  the  majority  of  the  functional  cases  were  perma- 
nently cured- 

His  method  of  treatment  was  the  daily  application  to  the  pneumo- 
gastric in  the  neck  of  mild,  descending,  galvanic  currents,  for  one  or 
two  minutes.  Temporary  abatement  of  the  symptoms  followed  each 
application. 

The  treatment  of  functional  palpitation  of  the  heart  is  certainly 
worthy  of  more  attention  than  it  has  thus  far  received  from  clectro- 
Iherapeutists. 


PalpitatioH  of  the  heat  I  assonated  vrith  dytpepsia—Unusual  suteeptHUiiy  to  the 
mrreni — Great  improvement  uttder  general  far adination. 

Casi  CLXXI,— Mr.  B.,  of  New  Jersey,  applied  to  us  March  ist,  1867,  with  the 
symptoms  of  weakness  of  the  stomach  and  liver,  and  also  of  functional  derangement 
of  the  heart.  He  was  tall,  somewhat  spare,  but  cf  fair  muscular  dcvciopmcnt.  His 
occupation  wa&  ctiat  of  a  farmer,  but  for  some  time  before  be  visited  us  be  bad  beeo 
unable  to  male*  any  protracted  exertioc.  He  had  tested  various  kinds  of  intcrajtl 
fliedicinest  and  with  unsatisfictory  rsolts, 
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During  the  first  application  he  was  momentarily  overcome  by  a  feeUng  of  fiintness* 
but  at  once  rallied,  and  went  away  feeling  stronger  and  brighter.  He  continued  to 
vUit  us  two  or  three  times  a  week,  for  nearly  two  months.  The  improvement  was 
llow,  but  very  positive,  with  occasional  temporary  relapses.  The  cardiac  symptoms 
^adually  diminished,  and  his  strength  increased  to  such  an  extent  that  he  wa&  Able  to 
I'csume  in  part  his  daily  avocation. 

When  be  left  us  his  digestive  functions  were  well  performed,  and  be  had  made  ar* 
rangemenCs  Co  enter  upoo  an  active  and  pleasant  Ottt-door  employment. 

Angina  Pectoris. — The  treatment  of  angina  pectoris  has  ever  been 
unsatisfactory.  The  cases  that  have  fallen  under  our  observation  were 
mostly  of  a  chronic  character,  and  turned  to  electro-therapeutics  as  a 
last  resort.  As  illustrative  of  the  best  result  that  we  have  oeen  able 
to  obtain  in  the  treatment  of  this  remarkable  disorder,  the  following 
case  IS  presented : 


Angina  peetoris^Prolxtbfy  of  an  idiopathic  ckarsiter — Rteavery  tmatr  gtaurmi 

faraditation, 

CASECLXXIL^-Thepatieiu  wasastout,  rigorous  man,  aged  48,  and  foreighte 
months  he  hwl  been  the  viclim  of  violent,  sharp,  shooting  pains,  under  the  sternum,  in 
the  left  shoulder  and  arm.  Frequently  the  neck  would  suffer,  and  occa.sionalIy  the  left  1 
leg.  Physical  explonition  gave  no  evidence  of  organic  disease  ;  and  as  it  was  impos- 
«ble  to  find  any  external  exciting  cause,  we  attributed  the  symptoms  to  idiopathic 
causes.  When  hr  moved  more  rapidly  than  usual,  or  ovcr-exerte<i  himself  in  any 
way,  he  was  liable  to  be  seizetl  with  a  violent  sea%  of  constriction  in  the  chest,  which 
caused  him  to  fed  as  if  about  to  die.  In  a  moment  the  radiating  pains  described 
above  would  follow,  and  compel  him  to  stop  perfectly  stilL  His  appetite  and  diges* 
tion  were  but  little,  if  any,  impaired;  yet,  from  the  first,  the  frequency  and  severity 
of  Che  attacks  had  gradually  increased  As  a  rule,  a  paroxysm  occurred  every  day, 
and  frequently  several  times  during  the  twenty-four  hours.  Occasionally,  however, 
a  week  would  pas*  without  an  attack. 

We  made  use  of  general  faradization  when  he  was  entirely  free  firona  any  uneaa- 
ness.  Three  days  elapsed  before  he  again  came  to  us,  but  during  this  interval  the 
malady  had  not  manifested  itself. 

Before  administering  the  second  application,  the  patient  purposely  brunght  on  a 
paroxysm  by  violently  swinging  his  arms  and  bending  his  body.  In  the  midst  of  the 
pain  the  positive  pole  was  .suddenly  applied  ouer  the  nipple,  and  a  very  intense  cw- 
cent  sent  through  the  body.  With  the  rapidity  of  the  passage  of  the  electricity  itself 
the  pain,  left  him,  and  after  the  stance  had  closed,  he  found  it  impo&sibic,  by  any 
effort  he  could  make,  to  bring  on  another  attack.  At  the  next  visit,  three  days  sub- 
sequently, he  was  able,  by  very  violent  efforts,  to  bring  on  a  paroxysm,  but  of  far 
less  severity  than  before.  Similar  treatment,  by  localiied  faradization,  immediately 
relieved  him.  A  few  more  applications  were  given,  but  during  his  visits  to  us  h« 
never  succeeded  in  exciting  another  attack,  that  wc  might  have  the  pleasure  of  sub> 
duing  it.  For  several  months  after  be  was  discharged  as  cured,  he  had  no  retura  of 
the  angina. 
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Angina  ptctoris — Decided  relief  under  centra!  galvanitatioH — Relapse. 

Case  CLXXIII. — Mr.  H.  M.,  aged  35,  referred  to  us  by  Dr.  Learning,  had  for 
twenty  years  been  a  JiufTerer  from  cardiac  palpitations,  with  some  of  the  symptoms  of 
angina  pectoris.  The  cardiac  palpitation  seemed  to  have  a  relation  to  the  condition  of 
the  stomach,  bebg  associated  with  and  apparently  dependent  on  attacks  of  indigestion, 
mttended  with  rcgurgit%tioD  and  pyrosis.  It  was  one  of  tho«e  cases  where  it  was  difii- 
cult  to  determine  precisely  in  what  organ,  or  nerve,  or  nerve  plexus,  the  symptoms 
took  their  origin.  The  patient  was  not  remarkably  intelligent,  but  so  far  as  could 
be  gleaned  from  his  hi^ory,  the  attacks  involved  both  the  heart  and  the  stomach,  tor 
it  -was  certain  that  anything  that  excited  indigestion  often  ushered  in  paroxysms  of 
great  severity.  Organic  disease  of  the  heart  had  been  saspected,  bat  Dr.  Learning, 
a  skilful  and  practised  auscultator,  decided  that  there  was  00  such  lesion.  Medicine 
had  accomplished  but  little  for  the  patient,  and  we  decided  to  use  central  galvaniia- 
tion.  The  first  application  was  mild  and  brief,  but  it  caused  much  HiTTi"'"-^,  and  for 
the  moment  alarmed  and  worried  the  patient.  In  a  few  day5,  however,  he  began  to 
improve  in  his  symptoms,  and  began  also  to  bear  the  current  better.  For  aboat  two 
months  the  patient  persevered  in  taking  the  treatment,  and  with  most  decided  im- 
provement. 

While  the  cure  was  not  perfect,  yet  all  his  i^rmptoins  were  to  alleviated,  thai  life 
became,  in  a  measure,  enjoyable,  instead  of  a  heavy  and  constant  burden.  Subse* 
<}uently  he  relapsed. 

We  may  have,  as  illustrated  by  the  following  case,  a  retrocession  of 
the  rheumatic  or  gouty  diathesiii  to  the  heart,  and,  according  to  some 
writers,  to  the  lungs  also,  producing  an  incurable  organic  lesion  that 
may  result  in  this  neurosis.  A  metastasis  to  the  stomach,  of  either  of 
the  two  diseases  just  mentioned,  may  give  rise  also,  according  to  others, 
to  symptoms  of  cardiac  neuralgia. 


Angina  pectorit  foUmnng  repeated  attacks  of  gout — Aggravated  temp^arity  JJf 
ttroHg  gafvanuation^Retieved  by  mild  general  faraditation. 

Case  CLXXIV.— Mr.  B,,  aged  52,  was  referred  to  as  by  the  late  Professor  Geo. 
T,  Elliott.  The  patient  va^  at  »tout,  plethoric  man,  somewhat  advanced  in  years  beyond 
the  middle  period  of  life.  He  was  perhaps  what  might  be  called  a  "  high  liver,"  and 
for  years  he  had  indulged  in  wines  freely,  although  not  to  great  excess. 

He  had  on  two  or  more  occasions  suffered  quite  severely  from  attacks  of  goal  of 
the  great  toe,  and  very  soon  after  recovery  from  the  last  attack,  he  began  to  experi- 
ence slight  5)'mptom5  of  his  present  difficulty.  The  pain  generally  commenced  in 
the  chest,  behind  and  a  little  to  the  left  side  of  the  sternum,  and  extended  to  the 
shoulder  and  down  the  leg. 

Occasionally,  the  symptoms  would  first  manifest  themselves  in  the  leg,  and  then  ex- 
tend to  the  heart. 

The  paroxysms  were  never  severe,  so  long  as  a  quiet  posture  was  maintained,  but 
the  exertion  of  ascending  one  or  two  fUglits  of  stairs,  or  walking  a  few  blocks,  almost 
invariably  excited  much  pain,  accompanied  with  a  very  distressing  shortness  of  breath> 
The  patient  remarked,  as  a  singular  Gftct,  that  while  soch  slight  efforts  readily  caused 
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cardiac  distress,  it  was  possible  for  him  to  exercise  quite  violently  with  light  dmnb-belli^ 
and  yet  suffer  from  none  of  the  evil  effects  that  might  from  analogy  be  expected  ta 
follow.  The  first  two  applications,  given  in  November,  1867,  were  followed  by  nc 
special  results. 

Treatment  with  a  powerful  faradic  current,  on  a  third  ooauion«  con^derably  ag- 
gravated  the  symptoms.  The  fourth  applicaiioa,  given  with  a  milder  curreai,  worked 
u  immediate  change  for  the  better. 

The  pain  was  immediately  dissipated,  and  for  two  days,  until  we  saw  him  Again,  he 
was  fax  better  than  he  had  been  for  monthsi.  He  walked  a  long  distance  without 
being  at  all  oppressed  in  breathing,  and  at  night  he  was  quite  comfortable,  although 
heretofore  his  symptoms  were,  as  a  rule,  much  aggravated  at  this  time.  On  the  left 
side  of  the  neck,  the  application  excited  pain  that  proceeded  toward  the  chest.  On  the 
right  side,  no  such  effect  was  noticed.  Without  detailing  farther  the  incidents  con< 
nected  with  this  case,  we  will  simply  say  that  treatment  by  both  currents,  together  witJk 
persistent  medication,  accomplished  merely  occasional  and  temporary  amelioration  orl 
his  distressing  symptoms.  It  is  true  that  physical  exploration  gave  no  evidence  of  or* 
ganic  lesion,  but  in  consideration  of  the  undoubted  gouty  diathesis,  together  with  the 
persistent  character  of  the  symptoms,  there  could  be  no  hesitation  in  declaring  the 
existence  of  some  irreparable  structural  disease.  It  is  impossible  to  account  for  the 
temporary  but  marked  amelioration  that  on  different  occasions  followed  the  applicai> 
tions,  without  we  refer  it  to  the  mild  anaesthetic  effect  of  the  faradic  current. 

Z>is(asfs  of  the  Lungs. — For  diseases  of  the  lungs  electrization  has 
accomplished  less  than  in  any  other  department.  The  recognized 
gravity  of  phthisis,  together  with  the  d  priori  improbability  that  it  cotild 
be  directly  cured  by  any  known  methods  of  using  electricity — these 
two  causes  have  deterred  electro-therapeutists  from  making  even  experi- 
mental applications  to  diseased  lungs.  One  author — Bastings,*  of 
Brussels — however,  has  reported  most  astounding  results  from  faradira- 
tion  of  the  muscles  of  the  chest.  If  we  accept  in  good  faith  the  state- 
ments of  this  author,  even  the  second  stages  of  phthisis  may  be  cured 
by  this  method,  which  seems  to  affect  the  lungs  not  directly,  but  in- 
directly, through  the  muscular  development  which  it  causes,  and  the 
greater  amount  of  oxygen  which  it  enables  the  lungs  to  breathe. 

The  amazing  statements  which  the  autlior  advances,  concerning  the 
cure  of  consumption,  are  entitled  to  more  consideration  than  they 
would  othenvise  receive,  from  the  fact  that  the  fundamental  idea  on 
which  his  treatment  is  based,  namely,  that  faradization  of  the  muscle* 
—electro-muscular  gymnastics  —  markedly  increases  their  nze  and 
strength,  and  also  improves  the  general  nutrition,  is  eminently  sound 
and  thoroughly  demonstrable,  as  we  have  shown  during  all  our  investi- 
garions  in  electro-therapeutics. 

*  Die  Lungenschwindsucht  und  ilire  Heilung  durch  Electridtit. 
the  French  by  Dr.  Silbermann.     Eriangen,  xS66. 
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Vaust  •has  experimented  with  the  method  of  Bastings— clectro-mus- 
rqlar  gymnastics — in  growing  children,  who  were  not  affected  with  any 
special  diathesis,  but  who  '■^presented  the  appearance  of  debility^  tan 
gu^n"^  and  lack  of  force  so  frequently  found  among  the  poorer  classes." 

The  results  were  "  wonderful."  Not  only  were  the  muscles  of  the 
chest  greatly  increased  in  size  after  a  number  of  applications,  but  theii 
"  breathing  was  deeper,  their  appetites  better,  and  they  were  morr 
cheerful  and  lively." 

After  six  months'  treatment  the  increase  was  still  more  marked  in 
some  of  the  cases.  According  to  our  experience,  the  growth  of  the 
muscles  under  faradization  is  at  first  quite  rapid,  but  subsequently 
much  slower,  and  in  a  few  months  becomes  stationary. 

Bastings  has  used  these  electro-muscular  gymnastics  in  consumption, 
not  with  a  view  to  directly  affect  the  tuberculous  deposit  at  all,  but,  by 
strengthening  the  muscles  of  the  chesty  to  so  improve  the  respiratory 
power  that  more  air  can  be  inspired,  and  so  benefit  result  to  the  healthy 
portion  of  the  lung^  and  indirectly,  through  better  oxygenation  of  the 
blood,  to  a  certain  extent  on  the  diseased  portion  and  on  the  whole  system. 

The  method  and  principles  of  treatiuent  in  all  his  cases  was  substan- 
tially similar — electro -muscular  gymnastics :  about  half  a  minute  was 
given  to  each  muscle,  and  about  five  minutes  to  each  sitting.  Fro- 
longed  treatment  was  found  to  be  injurious. 

The  general  statements  of  the  author  were  confirmed  by  Dr.  Bougard,f 
who  affirms  that  the  patients  remain  cured  for  one,  two,  or  three  years. 

Dr.  Crocq  also  speaks  favorably  of  the  method  of  Bastings,  although 
m  the  treatment  under  his  own  direction  of  the  very  severe  cases  of 
consumption  in  the  St.  John  Hospital  he  obtained  no  positive  results. 

Although  the  beneficial  effects  of  muscular  exercise  in  consumptioD 
have  long  been  conceded,  yet,  in  the  present  state  of  the  professional 
mind  on  the  subject,  the  statements  of  Bastings  will  need  mor'*  numer« 
ous  indorsements  before  they  are  accepted. 

We  would  suggest  a  method  of  treating  pulmonary  tuberculosis^ 
which,  so  far  as  we  know,  has  not  been  used,  but  which  is  surety  worthy 
of  a  trial.  This  method  would  consist  in  external  galvanization  of  tlie 
diseased  portion  of  the  lung  with  a  mild  stable  current-  The  electric 
current  might  thus  act  on  the  diseased  lung,  as  it  acts  on  inflamed  and 
ulcerated  sui  faces  elsewhere. 

*  Medidnischcs  Journal,  rol.  38.  Juni  1864,  p.  599.  Sitxang  der  Gocllachaft  fitt 
Medicin  and  Ntturwissenichaftcn  ni  Biiissel.  Tom  2.  Md  1864.  Thk  pifier  it  pr» 
•cated  in  the  work  of  Bastings,  above  quoted,  p.  119  et  let^ 

f  Op.  dt.,  p^  147.     Loc.  cit.,  p.  142  et  te^. 
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Exophthalmic  goitre  is  so  comparatively  infrequent,  and  its  path* 
ology  so  imperfectly  understood,  that  its  therapeutics  have  necessarily 
been  more  or  less  uncertain.  When,  therefore,  the  use  of  electricity  is 
suggested,  the  question  that  first  arises  in  the  minds  of  those  who  have 
but  little  practical  experience  in  methods  of  electrical  treatment,  relates 
to  the  kind  of  current  and  the  details  of  its  application,  Jn  regard  to 
the  current,  every  physiological  consideration  and  all  experience  points 
to  galvanism  as  pre-eminently  indicated,  and  yet  we  must  bear  lesti- 
raony  to  the  fact  that  the  faradic  current  is  not  in  every  case  useless. 
The  applications,  however,  nmst  not  be  local  but  general^  after  the 
method  of  general  faradisation,  and  in  a  certain  proportion  of  cases 
where  there  is  anaemia,  with  marked  nervous  irritability  and  physical 
weakness,  benefit  will  certainly  follow,  provided  always  that  the  opera* 
tor  will  take  sufficient  trouble  to  appreciate  the  various  steps  of  the 
process  and  make  his  a[>plications  practically  efficient. 

In  the  use  of  the  galvanic  current  upon  which  we  are  mainly  to  rely, 
we  have  obtained  good  results  by  placing  the  cathode  over  the  cilio- 
spinal  centre  above  the  seventh  cervical  vertebra,  and  the  anode  in  the 
auricuio-maxillary  fossa,  gradually  drawing  the  latter  (after  a  few 
moments  of  stabile  treaimeni)  along  the  inner  border  of  the  slerno- 
cleido-niastoid  muscle  to  its  lower  extremity.  The  second  step  in  tliis* 
process  consists  in  removing  the  anode  to  the  position  occupied  by  the 
cathode,  and  placing  the  latter  over  the  solar  plexus,  using  for  a  minute 
or  so  longer  a  greatly  increased  strength  of  current. 

In  one  case,  failing  after  considerable  effort  to  accomplish  more  than 
a  very  moderate  degree  of  amelioration  of  the  symptonie,  we  made  use 
of  currents  that  were  rapidly  increased  and  diminished  every  few  sec- 
onds, as  described  in  Case  iSi,  with  very  great  benefit. 

Subsequently  to  this  we  came  across  a  case  originally  published  by 
Dr.  Ancona,  in  the  Giornale  Vendo  di  scienze  medicJu,  which  had 
escaped  our  notice,  where  an  obstinate  and  severe  case  of  Graves'  dis- 
ease  had  been  cured  by  this  method  of  current  interruption.  The  cure 
was  accomplished  only  after  the  administration  of  one  hundred  appli* 
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cations.  Exoiihtlialmic  goitre  is  undoubtedly  of  centric  origin,  and  in 
many  caae^  structural  changes  of  the  sympathetic  must  underlie  all  tliie 
observed  symptoms.  On  the  other  hand,  the  rapid  recoveries  that 
have  been  known  to  follow  the  administration  of  certain  methods  of 
treatment^  render  it  in  the  highest  degree  probable  that  the  symptojus 
may  depend  as  well  on  functional  causes  alone.  Its  onset  and  course 
have  been  so  frequently  and  fully  described  that  it  seems  entirely  un- 
necessary to  attempt  any  detailed  description  of  its  numerous  symp- 
toms other  than  what  will  be  found  in  the  accompanying  cases.  One 
fact,  however,  in  our  own  experience,  that  will  be  noted  as  the  cases 
are  given,  strikes  us  as  worthy  of  a  moment's  attention,  and  that  is,  the 
frequency  of  the  disease  in  its  mcomplete  form.  By  this  is  meant  the 
cases  where  the  exophthalmus,  the  thyroid  enlargement,  or  the  cardiac 
symptoms  were  either  absent  or  but  slightly  developed. 

In  three  cases  the  eyes  were  very  little,  if  at  all,  affected,  while  the 
cardiac  pal|jitation  and  thyroid  swelling  were  very  decided.  In  one 
case  the  pulse  was  but  &S,  while  the  other  two  symptoms  were  dis- 
tinctly present.  In  every  case,  however,  that  has  fallen  under  our 
observation,  the  thyroid  was  large  and  pulsating ;  and  yet  Trousseau 
and  others  report  cases  which  they  regard  as  true  examples  of  (I raves* 
disease,  where  there  was  little,  if  any,  evidence  of  glandular  enlarge- 
ment 


£x0jfktkalmic  goitre  0/  ont  ytar*i  standing — Intreased  ttrnpcrature — Recovery 
follows  fifteen  applications  of  galvanism. 

Case  CLXXV. — The  p&tient,  John  'Lr- — — ,  was  a  pale,  slim  roan,  aged  29,  and 
by  occupation  a  compositor.  The  three  cardinal  symptoms  of  the  disease,  viz.  : 
«xophthalmus,  swelling  of  the  thj-roid  gland,  and  palpitation,  were  present  in  a 
marked  degree,  and  in  addition  there  was  a  want  of  harmony  between  the  move- 
ments of  the  upper  eyelid  and  eyeball,  a  phenomenon  first  observed  by  Von  Graefe, 
and  by  him  regarded  as  pathognomonic. 

The  hutory  and  antecedents  of  the  case  are  as  follows :  The  mother,  now  deceased, 
saflTered  from  epileptic  seiiures  from  the  earliest  remembrance  of  our  patient,  while 
•n  older  sister  was  the  victim  of  frequent  and  severe  attacks  of  hysteria.  The  father 
had  been  intemperate,  and  died  of  deUrium  iremens.  It  woold  thus  seem  that  we 
had  in  this  history  ground  for  a  belief  in  the  importance  of  the  relation  of  hereditary 
influences  to  these  conditions. 

The  health  of  the  patient  up  to  his  twenty-fifth  year  had  been  uniformly  good,  and 
the  only  evidence  of  a  neurotic  predisposition  was  an  occasional  and  tinexplainable 
tendency  to  insomnia  for  a  year  or  so  previous  to  the  first  symptoms  of  his  disease. 
We  first  saw  the  man  July  6,  1 879. 

Daring  the  summer  of  1878  he  observed  a  slight  swdlingcf  the  thyroid ;  very  soon 
»fter,  considerable  palpitation  ;  and  later  still,  protrusion  of  the  eyeballs.     It  is  to  be 
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noted  in  passing  thai  the  order  of  the  onset  of  the  symptoms  is  unusual,  the  tBrnJi 
enlargement  usually  being  second  in  order  of  development  instead  of  first. 

On  our  first  examinaUim  we  found  the  gland  enlarged  to  about  the  size  of  the  fi-4 
of  a  child  of  ten  years,  the  pulse  beatiiiii  m  frequency,  125  to  the  minute,  while  tl« 
protrusion  of  the  globe  of  the  eye  was  as  great  as  in  any  case  we  have  seen.  By  MU»- 
sequenl  examination  we  found  that  the  pulse  ranged  from  no  to  130.  On  three  dif- 
ferent occasions,  where  the  axillary  tbcrinumetcr  was  used,  it  maiked  too  ,  loi\ 
100.4".  The  appetite  of  the  i>aticnit  was  poor,  Ids  secretions  disordered,  and  his 
general  strength  impaired.  After  some  preliminary  medication  of  a  corrective  nature, 
we  gave  the  ordinary  prescription  of  quinine  and  iron,  and  at  the  same  time  began 
the  applications  of  the  galvanic  current 

The  force  and  rapidity  of  the  heart-beats  were  greatly  modified  ;  and  accompany- 
ing, or  rather  following,  by  a  week  or  ten  days,  this  subsidence  of  the  violent  ])alp>ita- 
tion,  there  was  a  very  noticeable  decrease  of  the  exuphthalmus.  A  decrease  in  the 
size  of  the  thyroid  was  not  observed  until  some  days  after,  and  disappeared  with  much 
less  rapidity  than  the  other  symptoms.  In  order  to  hasten  the  cure,  we  very  caic- 
fully  performetl  electrolysis  on  two  occasions,  and  with  evident  benefit. 

At  the  date  of  writing,  August  20,  1879,  after  having  received  fifteen  applications 
the  patient  has,  so  far  as  relates  to  the  palpitation  and  exophthalmus^  entirety 
Tecovere<l. 

The  goitre  has  decreased  in  size  fully  two-thirds,  and  is  cjuite  hard  and  t'lrm,  a 
change  which  is  to  be  attributed,  in  all  probability,  to  a  hyperplasia  of  the  glondatar 
tissue  taking  the  place  of  the  dilated  vessels. 


We  place  the  following  case  on  record,  not  only  because  of  the  bene- 
fit  accruing  from  treattnent»  btit  as  illustrative  also  of  two  rare  synii>- 
toms  in  connection  with  Graves*  disease,  viz. :  1st.  Dilatation  of  the 
]iui>ns.  2tl.  Swelling  aiul  ptilsation  in  the  region  of  the  solar  plexus. 
We  are  not,  indeed,  aware  that  any  case  of  Graves'  disease,  in  which 
this  last  symptom  may  have  possibly  been  observed,  has  ever  before 
been  intblished. 

Accepting  the  theory  of  a  distuirbance  of  the  sympathetic  as  a  cause 
of  this  affection,  it  is  not  remarkable  that  its  lower,  as  well  as  its  upper 
ganglia,  should  be  the  seat  of  the  disease,  sufficient  to  cause  a  dilata- 
tion of  the  vessels  branching  from  the  coeliac  axis,  analogous  to  that 
observed  in  the  arteries  of  the  th>Toid  gland.  In  consideration  of  the 
rarity  of  this  symptom,  therefore,  it  is  interesting  to  recall  the  fact,  thai 
in  eight  autopsies  where  changes  were  observed  in  the  sympathetic  and 
its  ganglia,  they  were  confined  to  the  cervical  portion,  the  thoracic  and 
abdominal  sympathetic  being  entirely  healthy. 

In  this  case  there  must  necessarily  have  been  marked  disturbance  o( 
the  lower  ganglia,  but  the  com|)lete  and  permatient  disappearance  of 
the  gastric  swelling  would  seem  to  preclude  the  probability  of  the  exist- 
ence of  any  lesion. 
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In  the  very  few  cases  of  exophthalmic  goitre  in  which  dilatation  of 
the  pupils  has  been  observed,  the  cause  is  supposed  to  be  due  to  a 
*'  paralysis  of  the  pupillary  branch  of  the  ocuio  motor  nerve,  conse- 
quent on  neuroparalytic  dilatation  of  the  vessels.  The  isolated  par- 
alysis of  this  branch  (the  other  fibres  of  the  motor  oculi  remaining  un- 
affected) is  referred  by  Stellwag  to  the  fact  that  the  branches  destined 
for  the  pupil  do  not  join  the  other  oculo-motor  fibres  until  after  the 
latter  have  crossed  the  crura  cerebri,  and  that  ihey  have  been  proved 
10  originate  from  several  centres  of  various  function." 

Exophthalmic  goitrd^  with  bilattral  pcrspiratioH,  enlarged  pupils^  etc. — Rapid  and 
decided  reliefs  but  not  a  perfect  recovery. 

Case  CLXXVI. — Mrs.  G ,  agctl  about  40,  came  to  us  for  the  relief  of  an  cx» 

-ophthalmic  goitre.  May  3,  1876.  The  eyes  were  much  protruded,  ihe  thyroid  promi- 
nent, and  the  cardiac  palpitation  violent.  The  average  frequency  of  the  pulse  was 
about  115,  but  on  various  occasions  we  found  that  it  was  beating  at  the  rate  of  140 
<o  the  minute.  The  patient  was  annoyed  by  profuFe  bilateral  per>p!ration.  the  pupils 
were  enlarged,  and  vertigo  was  a  frequent  symptom.  The  appetite  was  generally 
200d,  but  she  complained  of  much  nausea. 

She  referred  to  one  other  symptom,  which,  if  related  to  the  disease  as  an  effect,  as 
it  would  seem,  was  quite  new  to  us.  Su!>sequent  to  the  development  of  the  three 
cardinal  symptoms,  which  occurred  in  the  following  order — palpitation,  thyroid  en- 
largement, exophthalmus,  a  swelling  appeared  near  the  pit  of  the  stomach,  which  in 
size  and  vigor  of  pulsation  was  rnore  marked  than  the  goitre.  We  may  remark  that 
Dr.  S.  S.  Purple,  of  New  York,  had  attended  the  patient  in  several  confinements, 
and  was  cognizant  of  the  disease  in  question. 

Dr.  Purple  informed  us  that  she  had  suffered  much  from  malarial  poison,  to  which, 
together  with  the  effectsi  of  a  labor  of  some  severity  shortly  previous,  might  possibly 
be  attributed  the  symptoms  in  question.  The  first  signs  of  the  disease  were  manifest 
some  three  years  before  she  came  under  otir  observation. 

We  administered  to  this  patient  seventeen  applications^  ten  of  which  were  with  the 
galvanic  current,  locally  applied,  while  set-en  were  with  the  faradic  current,  and  were 
more  general  in  their  nature.  Amelioration  followed  very  quickly,  and  at  this  date 
f  1880)  the  only  symptoms  of  the  disease  is  a  very  slight  swelling  of  the  thyroid,  and, 
'in  a  modified  form,  a  tendency  to  occasional  cairdiac  palpitations. 

Exophthalmic  goitre  associated  with  spinal  irritation — Approximate  recovery  fot- 
lotiui  galvanitation  and  general  far aditation. 

Cask  CLXXVII.— Mrs.  E- ,  aged  31,  married,  and  the  mother  of  two  children, 

wai  seen  with  Dr.  I.  B.  Read.  She  first  olwerved  an  appreciable  increase  in  the 
rapidity  of  the  heart's  action  in  the  fall  of  1878.  About  the  same  time,  or  soon  after, 
ns  she  was  standing  before  the  mirror,  her  attention  was  called  to  an  increased  fuU 
•neM  about  the  neck,  and,  upon  passing  her  hand  over  the  part,  she  became  aware  of 
what  she  termed  a  beating  sensation  and  a  softer  feeling.  These  symptoms  increased 
somewhat  rapidly,  until  they  assumed  the  condition  presented  when  the  case  came  to 
lis  in  October,  1879.     At  this  time  the  heart  was  beating  at  the  rale  of  120  to  125 


'624 


EXOPHTHALMIC  GOITRE. 


per  minute,  and  on  exercise  or  under  excitement  it  went  up  ta  150  per  minute. 
thyroid  enlargement  was  marked,  though  not  enormous,  while  the  eyes  were  quite 
protuberant  and  bloodshot. 

Around  ihe  neck,  over  the  thyroid  gland,  the  measurement  was  lirteen  inches. 
The  patient  was  chlorotic,  hysterical,  and  nervousi  to  the  last  degree,  and  it  was  witb 
the  greatest  difhculty  that  she  could  be  induced  to  submit  to  the  necessary  examina- 
tion and  treatment.  The  spine  was  exceedingly  sensitive  to  pressure  all  along  its- 
course,  and  e<;pecially  between  the  scapulae,  where  firm  pressure  invariably  caused 
nausea  ;  and  on  the  occasion  of  her  second  visit,  while  running  our  fingers  down  the 
back,  and  lingering  for  a  moment  with  a  somewhat  increased  pressure  over  the  more 
sensitive  portion,  she  immediately  but  quietly  rejected  her  breakfast,  which  had  been 
taken  an  hour  before. 

Ii  is  to  be  remarked  that  these  evidences  of  spinal  irritation  and  extreme  nervoos* 
ness  became  manifest  only  after  the  appearance  of  symptoms  indicatuig  exophthalmic 
goitre.  The  only  cause  which  seemed  to  l>ear  any  relation  to  the  onset  of  the  disease 
was  the  one  that  hai  been  so  frequently  observed,  viz.,  childbirth.  A  short  lime  pre- 
viously she  had  suffered  from  a  long  and  tedious  confinement,  but  her  recovery  had 
been  apparently  quite  satisfactory.  We  submitted  her  to  the  u.sual  methods  of  gal- 
vaniiation  of  the  sympathetic  and  central  galvanization,  aod  with  some  benefit.  The 
heart's  action  became  suraewhat  more  regular  and  less  frequent,  the  goitre  decreased 
a  little  in  siie,  and  the  spine  became  less  sensitive. 

Improvement,  however,  ceased  at  this  point,  and  the  case  remaining  stationary  for 
nearly  a  month  we  attempted  genera!  faradization. 

We  have  on  several  occasions  pointed  out  the  fact  that  general  faradiiat ion  is  often 
most  effective  in  lowering  a  pulse  that  is  r.ipid,  as  a  resultant  of  nervous  excitement, 
and  increasing  us  strength  a,s  well,  when  it  is  both  rapid  and  weak  through  nervous 
exhaustion,  Tliis  effect  upon  the  pulse,  as  experience  shows.,  and  as  electro-physiology 
teaches,  is  most  frequently  observed  in  exophthalmic  goitie  after  the  use  of  the  gal- 
vanic current. 

In  this  case,  hovever,  after  galvanization  had  ceased  to  be  effective,  general  fara- 
dization  was  followed  by  a  still  greater  diminution  in  the  fret[ucncy  of  the  pulse,  by 
decrease  in  the  thyroid,  and  lessened  sensibility  along  the  spine.  After  twenty-five- 
applications  of  general  faradiiation,  administered  in  the  course  of  two  months,  the 
mea.suremcnt  of  llie  neck  had  decreased  by  two  inches,  leaving  a  very  slight  but  hard 
enlarge tnent  in  place  of  the  larger  and  softer  tumor  that  was  present  at  the  beginning 
of  treatment.  The  frequency  of  the  pulse  decreased  to  about  85  per  minute,  and  was 
not  particularly  susceptible  to  sudden  fluctuations  under  excitement  or  exertion,  while 
she  had  gained  immensely  in  nervous  strength  and  self-control. 
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Exophthalmic  goitre  of  two  y tars'  standing, — Treatment  results  in  tut  slight 

benefit. 

Cask  CLXXVTII.-  Miss  M ,  aged  22.  was  seen  with  Dr.  E.  B.  Bclden,  Oct. 

18,  1S79.  Menstruation  began  at  the  age  of  seventeen,  but  was  scanty  and  irregular 
for  two  years,  after  which  for  awhile  it  appeared  normally.  At  the  age  of  twenty, 
menstruation  again  Iwcame  irregular,  and  attended  also  with  cramps  and  considerable 
pain.  At  this  time  appeared  the  first  evidences  of  exophthalmic  goitre,  and  when  we 
saw  her  two  years  subsequently,  the  three  cardinal  symptoms  of  the  disease  were 
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quiie  pronounced,  although  moderate  in  degr«?  compared  to  the  roregoing.  The 
pulse  averaged  alKkut  K8  per  minute.  The  eyes  were  slightly  protuberant,  while  the 
neck  measurement  over  the  enlarged  gland  was  fifteen  inches.  Opportunity  was 
aiforded  of  seeing  this  patient  but  a  comparatively  short  time,  but  in  the  few  applica- 
lions  that  were  given,  the  circumference  of  the  neck  over  the  gland  was  reduced  to 
fourteen  and  one-quarter  inches. 

The  pulse,  however,  became  markedly  modified,  decreasing  to  the  normal  standard, 
72  per  minute. 

As  we  are  recording  this  eas«,  the  patient  again  calls  at  our  office.  It  is  now  five 
months  since  the  treatment  was  discontinued,  and  the  pulse  is  found  to  be  72,  the 
same  as  recorded  at  that  time.  The  neck  measures  fourteen  and  a  half  inches,  show- 
ing  a  ilight  increase  during  the  interval,  although  smaller  by  one-half  of  an  inch  than 
it  was  previous  to  submit tmg  to  treatment. 

An  interesting,  though  not  remarkable  fact,  connected  with  the  case,  is  its  relation 
to  the  menstrual  function.  At  the  age  of  twenty,  when  menstruation  became  irregu- 
lar and  scanty,  the  disease  hcgux  to  manifest  itself.  Two  years  subsequently  the 
diminution  in  the  goitre  and  decrease  in  the  frequency  of  the  pulse  were  simultaneous 
with  a  more  regular  and  altogether  belter  performance  of  menstruation.  After  the 
cessation  of  the  treatment  she  remained  better  until  a  short  time  before  tins  last  visit 
to  which  we  have  just  alluded,  when  there  wa-;  a  retention  of  the  menses,  followed  by 
some  increase  in  the  size  of  the  thyroid,  and  an  accelerated  action  uf  the  heart. 
Through  the  administration  of  medicine,  menstruation  was  established  in  about  a. 
week,  resulting  in  a  modification  of  the  symptoms  that  had  been  excited. 

Exophthalmic  g»itre. — Pulse  exceedingly  rapid. — Eyes  slightly  protubtraut, —  Very 
little,  if  any ^  benefit  folltrws  treatment. 

Case  CLXXIX— Mrs.  C was  seen  with  Dr.  Frank  Wilmuth,   of  Orange, 

N.  J,,  Nov.  17,  1879.  The  enlargement  of  the  thyroid  was  considerable,  but  the 
eyes  were  not  at  all  affected.  The  pulse  was  rapid,  beating  ordinarily  at  125  per 
minute,  but  reaching  160  when  under  excitement. 

When  asleep,  it  was  but  95.  The  patient  was  the  mother  of  two  children,  and 
although  her  last  labor,  four  years  since,  was  somewhat  severe,  it  could  hardly  have 
entered  as  a  factor  in  the  causation  of  the  disease,  since  the  first  evidences  of  cardiac 
disturbance  appeared  three  years  subsequently.  The  symptoms  were  coincident  with 
exhaustion,  following  hard  work  at  house  cleaning.  The  patient  submitted  to  con- 
siderable treatment,  but  her  residence  was  at  such  a  distance  that  the  visits  were 
necessarily  rather  infrequent.  It  is  by  no  means  clear  to  our  mind,  that  the  neces- 
sity of  riding  so  far,  both  before  and  after  each  visit,  did  not  interfere  somewhat  with 
the  efficacy  of  Ihe  treatment.  At  ail  events  no  impression  was  made  upon  the  dis- 
ease, other  than  some  slight  diminution  iu  the  rapidity  of  the  pulse. 


Exophthalmic  goitre  in  a  lady  aged  thirty-four. — Interesting  modification  of  the 
pulse-beats  by  galvanisation. 

Case  CLXXX. — Miss ■,  aged  34,   came  to  us  from  Dr.    James  Collard,   of 

Westfield.  Mass.,  with  a  goitre  of  considerable  size,  but  with  very  slight  proluher- 
ancc  of  the  eyes.  Pulse,  112.  Menstruation  was  normal,  but  the  patient  was  ex- 
tremely nervous  and  depressed.     Her  mother  has  an  enormous  goitre,  which  has  beeo 
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developing  for  thirty  years.     Both  brother  and  siitcr  died  of  hasty  consamption.  i 
five  years  ago  the  patient  herself  had  a  slight  hemorrhage.     The  pulse  was  found  lo 
intermit  some  eight  times  a  minute. 

We  saw  the  patient  but  three  weeks  when  she  was  compelled  to  leave  the  city, 
although  it  is  proposed  to  coutmue  the  treatment  elsewhere. 

Under  the  short  treatment  ihat  ihe  received,  the  pulse  lost  its  Lntermittcnt  charac- 
ter and  became  entirely  regular.  At  the  satnc  time  the  patient  was  readcrcd  much 
less  nervous. 

Aside  from  this  but  little  was  accomplished.  The  case  is,  however,  especially 
worthy  of  record,  because  of  the  very  interestmg  temporary  result*  that  followed 
various  applications. 

On  counting  the  pulse  during  the  first  galvanic  application,  no  intermi^iua  waa 
detected.  A  few  moments  after  the  removal  of  the  ciccirodcs,  it  intermitted  as  usual, 
eight  beats  to  the  minute.  The  sanie  results  followed  a  second  application,  with  the 
exception  that  after  the  removal  of  the  electrodes  the  pulse  began  to  intermit  but 
three  or  four  times  a  minute,  and  after  the  fourth  application  it  became  permanently 
rhythmical.  At  one  time  during  the  treatment  the  pulse  fell  to  67  and  so  remained 
for  some  lime. 

£jcophthalmic  goitre  of  jive  years*  duration — Recovery  under  currents  0/  gah'a- 
nUtHf  aitcrnatety  increased  and  diminished. 

Case  CLXXXl— Miss  C.  H ,  aged  29.  came  to  us  September,  1879,  with  on 

etpecially  interesting  and  instructive  history,  since  it  illustrates  bow  varying  tnay  be 
the  manifestations  of  a  nervous  diathebis. 

During  childhood  she  had  sulTered  long  and  severely  from  St.  Vitus'  dance,  which 
did  not  entirely  disappear  till  raenstrtiation  was  established  at  the  age  of  fourteen. 
From  the  first  this  function  was  performed  irregularly  and  painfully  until  the  age  of 
eighteen,  when  it  suddenly  ceased,  and  for  several  years  she  was  afllicted  with  peri- 
odical hysterical  seizures,  together  with  a  more  or  less  constant  jerking  of  the  head, 
with  a  hesitancy  of  utterance  and  an  occasional  partial  loss  of  consciousness  that 
simulated  attacks  ol  hystero- epilepsy.  At  the  age  of  twenty-one  menstruation  again 
appeared,  but  irregularly,  and  at  the  same  time  her  general  health  somewhat  im- 
proved.  In  time  her  courses  came  on  more  regularly  and  less  painfuliy,  but  at  the 
age  of  twenty-fomr,  after  an  attack  of  malarial  fever,  menstruation  failed  to  reappear. 

It  was  at  this  time  that  she  Ivegan  to  Iw  annoyed  by  an  excessive  palpitation  of  the 
heart  following  esertJon,  and  very  soon  her  attention  was  called  to  a  decided  enlarge- 
ment of  the  thyroid.  This  enlargement  gradually  increased,  end  when  we  saw  her, 
about  a  year  subsequently,  it  was  very  large,  soft,  and  pulsating  The  measurement 
around  the  neck  over  the  tumor  was  sixteen  and  one-quarier  inches. 

The  pulse  beat  at  the  rate  of  no  per  minute— while  the  exophthalmus  wss  rvif^ 
great. 

After  the  patient  had  been  subjected  for  a  short  time  to  the  usual  external  treat- 
ment by  the  galvanic  current,  but  without  any  special  reference  in  its  direction  to  the 
menstrual  fuoclioti,  the  courses  appeared  slightly  for  a  day  and  then  ceased.  On  ex- 
amining the  pulse,  however,  it  was  found  that  it  had  decreased  in  frequency  to  some- 
what less  than  100. 

The  same  method  was  repeated  for  some  three  weeks  longer,  when  we  had  th« 
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pleasure  of  showing  the  case  lo  Dr.  P.  B.  Porter.  At  this  lime  the  pulse  was 
about  90,  ami  the  tumor  had  decreased  bat  about  an  inch.  The  exopbtbalmus  had 
been  only  slightly  influenced. 

DccifJing  to  change  the  method  of  treatment,  we  placed  one  electrode  (the  anode) 
directly  behind  the  angle  of  the  lower  jaw,  pressing  back  the  &temo-cleida  muscles 
and  tl»e  other  on  the  back  of  the  neck.,  a  little  lo  one  side  of  the  sixtli  cervical  verte- 
bra, luitead,  now,  of  treating  by  means  of  an  even  continuous  current,  we  brought 
into  the  circuit  a  simple  water  rheostat,  and  by  this  means,  somewhat  rapidly  but 
without  shock,  increased  and  decreasetl  the  strength  of  the  current  llirough  a  seance 
of  not  more  than  two  or  three  minutes*  duration.  The  results  of  this  method  of 
treatment  were  soon  manifested  in  a  further  reduction  of  the  pulse,  and  a  gradual 
diminution  in  the  severity  of  the  other  symptoms,  until  after  some  twenty-tive  of 
these  applications,  recovery  seemed  complete.  The  pulse  was  75  ;  the  eyes  resumed 
their  natural  position  and  appearance,  while  the  neck— although  somewhat  fuller  than 
normal — mea&ured  but  thirteen  and  three' quarter  inches,  a  decrease  of  two  and  a 
balf  inches. 

While  it  is  quite  evident  that  in  this  disease  the  sympathetic  is  at 
iault,  it  is  open  to  question  whether  the  dilatation  of  vessels,  which  are 
such  important  factors  in  causing  the  thyroid  enlargement  and  exoph- 
thahiHis,  is  of  a  passive  nature,  due  to  paralysis  of  the  sympathetic^  or 
of  an  active  nature,  due,  on  the  contrary,  to  an  irritation  of  the  dilator 
fibres  which  run  in  the  sympathetic*  Accepting  either  theory,  we 
iind  ample  ground  upon  which  lo  base  indications  for  the  use  of  the 
galvanic  current  In  case  we  accept  the  irritant  iheor)',  the  very 
powerful  sedative  effects  which  may  be  obtained  from  the  remedy  is  a 
sufficient  explanation  of  the  ta/itma/foi  its  use  ;  while  the  fact  that  both 
physiological  investigation  and  clinical  experience  has  shown  that  elec- 
tricity is  the  reitiedy  par  excdUnce  for  most  forms  of  paralysis,  quite 
clearly  points  to  its  use  in  cases  where  there  is  actual  paresis  of  the  nerve 
itself.  In  addition  to  the  hyperemia  of  vessels  as  a  cause  of  exoph- 
thalmus,  there  may  be  also  accumulations  of  fat  in  the  cellular  tissues 
of  the  orbit,  which  is  probably  the  main  cause  in  certain  cases  why  the 
protrusion  of  the  eyes  still  remain  prominent  after  a  decided  ameliora- 
^^^     don  of  every  other  symptom. 

I^V         *  The  su^estion  that   the  arterial  dilatation  is  due  to  irritation  of  the  dilator 
V  fibres  is  offered  by  Benedict,  bas^  upon  the  expcrifflcQts  of  Bernard,  Schiff,  Ludwtg, 

I  Bad  Loven. 


CHAPTER  XXXVri. 

BBQUBLiC  OF  ACXTTE   DISEASES    (DIPHTHERIA — CEREBROSPINAL   MENIH 
GITIS — TVPHO-MALARIAL  FEVER). 

The  sequelae  of  several  acute  inflammatory  diseases,  and  especially 
of  diphtheria  and  cerebrospinal  meningitis,  are  of  well  known  severity 
and  persistency.  It  is  generally  understood  also  that  electricity  in  some 
form  may  perhaps  be  indicted  in  such  condilioiis,  particularly  in 
diphtheria,  and  its  use,  wliich  is  occasionally  attempted,  has  been  fol- 
lowed by  more  or  less  benefit.  We  are  quite  sure,  however,  that  the 
profession  at  large,  in  city  as  well  as  country,  has  a  very  inadequate 
idea  of  the  vast  benefit  accruing  from  the  use  of  this  remedy  in  these 
cases.  Frequent  inquiries  in  regard  to  experience  in  this  direction, 
and  the  lack  of  published  clinical  reports,  would  seem  to  justify  this 
opinionj  and  suggest  the  propriety  of  detailing  a  few  of  the  more  unique 
and  interesting  histories  that  we  have  collected. 

Diphtheria. — Our  first  experience  in  the  treatment  of  the  sequelse 
of  diphtheria  by  electricity  dates  back  sotne  ten  years,  when  we  were- 
called  by  Dr.  James  Anderson  to  see  an  obstinate  case  of  pv^ralysis  of 
the  vocal  chords  and  the  laryngeal  muscles. 

The  symptoms  yielded  readily  to  treatment,  and  to  the  present  time 
we  have  treated  twenty-four  cases  of  diphtheritic  paralysis,  and  with 
the  exception  of  two,  which  discontinued  treatment  almost  as  soon  as 
begun,  the  results  in  each  were  too  striking  to  permit  of  any  doubt  as 
to  the  ct^icacy  of  the  remedy. 

Of  the  twenty-two  remaining  cases,  many  of  which  were  of  great 
]>ersistency  and  severity,  nine  were  sent  to  us  at  different  times  through 
the  kitidness  of  Drs.  Markce,  McLean,  Farrington,  and  the  late  Drs. 
Peaslee  and  Gregory. 

Of  the  remaining  thirteen,  a  few  had  been  treated  electrically,  but, 
as  a  rule,  with  little  regularity  or  intelligence,  while  several  others  first 
had  their  attention  called  to  electricity  as  a  remedy  for  their  condition 
by  laymen,  and  so  fell  into  our  hands.  One  of  the  must  interesting 
and  instructive  cases  that  we  have  seen  occurred  in  the  pereon  of  a 
practicing  physician  of  this  city,  who  had  also  been  under  the  obser> 
ration  of  Professor  Loomis,  Dr.  A.  N.  Brock  way,  and  several  oth^Si 
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CASE   OF   DIPHTHERITIC   PARALYSIS. 
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The  doctor  has  kindly  written  out  the  details  of  his  own  case,  substan- 
tially as  here  given. 

Cardiac  difficulty,  with  partial  paralysis  of  three  months'  standings  following  dipf^ 
theria. — Rapid  rnovery  under  general  far adisatian. 

Cask  CLXXXIL  —Three  weeks  after  the  disappearance  of  the  diphlheritic  patches^ 
paralysis  of  the  pharyngeal  and  laryngeal  muscles  began  to  ihow  itself,  accompanied 
by  absolute  loss  of  sensibility  of  the  velum  pendulum  palati.  Itv  consequence,  the 
effort  of  swallowing  was  exceedingly  difficult,  and  regurgitation  through  the  narcs- 
was  unavoidable  in  the  act  of  drinking.  The  voice  was  altered,  becoming  weak  and 
coarser  in  tone.     Musical  note:,  were  impossible. 

At  the  same  time,  and,  indecfl,  frutn  the  tenth  day  of  the  acute  attack,  cardiac 
difficulty,  was  indicated  by  a  very  feeble,  soft,  slow  puke,  averaging  sixty  per  minute. 

On  one  occasion,  three  weeks  after  the  soreness  of  the  throat  had  entirely  disap* 
peared,  and  immediately  following  special  exertion,  the  pulse  quickty  rose  (o  160^ 
and  as  suddenly  fell  to  32  per  minute,  result tng  in  an  attack  of  angina  pectoris  which 
persisted  for  nearly  three  hours.  This  sudden  lluctualion  of  the  pulse  was  most 
alarming,  and  caused  apprehension  of  immediate  dissolution.  For  over  an  hour  the 
pulse  remained  at  32,  when  it  gradually  increased  until  it  reached  58,  where  it  re- 
mained. 

Four  weeks  after  convalescence  from  the  patches,  ciliary  paralysis  appeared,  so  that 
pAinful  fatigue  was  experienced  in  reading,  etc.  Vision  corrected  by  4-38  glasses 
spherical  ;  at  (he  same  time  the  fingers  became  anaesthetic,  with  tingling,  and  inabil- 
ity to  pick  up  small  objects,  or  to  button  clothing,  etc. 

The  partial  |iaralysi<;  extended  to  the  arms  and  finally  the  leg*  were  similarly  af- 
fected, becoming  heavy,  cold,  and  painful  to  the  touch.  Marked  inaction  of  the 
bowels  continued  throughout  the  case;  micturition  was  not  interfered  with,  but 
there  was  great  nundiness  and  increased  sensibility  of  the  external  organs.  For  three 
months  these  symptoms  per^sted  without  abatement,  and  were  invariably  increased 
by  the  slightest  exercise. 

The  first  two  or  three  weeks  of  general  faradization  failed  to  produce  any  marked 
change,  simply  giving  for  a  few  hours  a  ver>'  agreeable  sense  of  rc*t. 

This  was  attributed  entirely  to  the  fact  that  the  patient  exerted  bunself  too  much 
to  receive  the  treatment,  as  he  was  compelled  to  ride  several  miles  to  our  office. 

As  soon  as  the  apparatus  was  transferred  to  his  own  hou.sc  and  the  treatment  ad- 
ministered there,  improvement  began  immeiUately,  and  progressed  with  great  rapid- 
ity, so  that  by  the  sixteenth  week  of  the  sequelae  of  the  disease,  all  paraly>yis 
except,  perhaps,  the  cardiac,  had  disappeared.  Vision  became  entirely  normal 
b;fore  the  anaesthesia  and  paralysis  of  the  limbs  had  disappeared.  Disagreeable 
twitchings  of  the  muscles  of  the  thorax  and  abdomen  presisted  for  several  months, 
and  slight  cardiac  feebleness  remained  for  some  fifteen  months.  The  prospect  that 
the  patient  could  again  engage  in  labor  within  any  reasonable  period  had  been  con> 
I  sidered  exceedingly  unfavorable      A  very  few  weeks  of  treatment  by  general  faradi- 

I  cation,  rendered  him  easily  equal  to  the  details  of  an  active  practice. 

■         Or 
f  who  1 


Dr.  Dahlerup  describes  a  case  of  cardiac  paralysis  occurring  in  a  lad 
who  was  recovering  from  a  diphlheritic  attack. 
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The  action  of  the  heart  becaiiie  very  rapid,  but  irregular  and  weak. 
Dyspncea  was  present,  together  with  cyanosis  and  onhopncea,  but  the 
area  of  cardiac  dulness  was  not  increased.*  Sotne  improvement  fol- 
lowed the  administration  of  stimulants  combined  with  digitalis,  but  at 
the  end  of  a  week,  the  patient  CQllapsed  and  died.  Although  the  case 
was  said  to  be  one  of  progressive  diphtiieritic  paralysis  of  the  heart,  it 
is  not  difficult  to  believe  that  the  prompt  and  proper  use  of  electricity 
might  possibly  have  saved  life. 

Cerebrospinal  Meningitis. — The  symptoms  that  follow  an  attack  of 
cerebrospinal  meningitis,  differ  very  widely  both  in  character  and 
gravity.  We  may  have  first,  incurable  organic  changes  resulting  on  the 
one  hand  in  total  blindness  and  entire  loss  of  iiearing,  and  on  the  other, 
in  a  condition  well  illustrated  by  the  following  case  wliich  we  saw  {o\ 
Dr.  Rousa  some  years  since. 

Probable  organic  changes  following  cerebrospinal  meningitis. — No  benefit. 

Ca.se  CLXXXIII.— In  1865  the;  patient  was  attacked  by  acute  cerebrospinal 
fneningiti^.  After  convalescence  he  gradually  regained  a  fair  degree  of  physical 
vigor,  but  was  left  with  a  permaiient  impairment  of  certain  phases  of  innervation. 
In  ctinversauon  and  in  action  he  was  perfectly  rational,  and  his  sleep  was  undis- 
turbed, but  during  his  wakmg  hours  there  was  ever  present  a  sense  of  vacancy ;  •'  vast 
€tnd formless^*  ideas  troubled  him  ;  there  was  to  hini  an  unreality  in  all  hi^  surround* 
ittgs.  He  dc--K:rtl>cd  a  vibrating  shack  which  would  at  intervals  seem  to  pass  through 
liini,  leiviuij  an  impression  that  seemed  like  '^*  eternity.'''' 

The  left  pupd  was  dilated  and  insusceptible  to  light  or  other  irritation.  This 
patient  receiveil  benefit  from  no  form  of  treatment.  Time  has  failed  to  Ao  anything 
for  him  ;  to-day  he  is  much  the  same  as  he  was  fifteen  years  ago. 

The  paihological  changes  in  cases  such  as  the  above  cannot  of 
course  be  positively  stated^  but  it  is  probable  that  they  are  analogous 
to  what  have  been  observed  in  certain  cases  of  chronic  basilar  nienm* 
gitis,  viz.,  cicatricial  changes,  together  with  induration  of  the  connective 
tissue. 

Another  train  of  symptoms  following  cerebro-spinal  meningitis,  more 
frequent  and,  fortunately,  far  more  amenable  to  treatment,  has  occa- 
sionally fallen  under  our  observation.  The  symptoms  in  all  were  quite 
uniform  in  character,  and  we  present  the  following  as  a  type  of  the 
rest. 


I 


Aggravated  symptoms  persisting  for  two  and  one-half  years  after  an  attack  of 
cerebrO'fpinal  meningitis. — Recovery  under  central  galvanizot ion. 
Case.  CLXXXiV — On  May  so,  1872,  Mrs  A ,  aged  42.  was  [H-ostnUed  bj 

*  British  Medical  Journal,  September  27,  1879. 
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an  attack  of  cercbro- spinal  meningitis.  It  might  1>c  interesting  to  detail  its  acute 
course,  but  for  our  purpose  it  will  suffice  to  say  that  the  case  was  enceptiona]  in  its 
duration  and  severity.  For  six  months  she  was  confined  to  her  bed,  suffering  from 
almost  every  conceivable  symptom  associated  with  thb  disease.  She  was  at  first 
Qoder  bomoeopatbic  treatment,  but  subsequently  came  under  the  care  of  Dr.  A.  S. 
Heath,  of  this  city,  who  attended  her  up  to  the  time  our  advice  was  sought,  April 
10,  1875.  Two  years  and  a  lialf  had  elapsed  since  the  more  acute  stage  of  the  dis- 
ease had  subsided,  during  which  lime  she  had  submitted  to  various  forms  of  treat- 
ment that  were  apparently  w\x  and  judicious,  without  the  least  improvement,  and 
until  the  ordinary  methods  seemed  exhausted.  She  was  able  to  be  about  her  house 
and  occasionally  went  out,  but  she  suffered  without  cessation  from  severe  pain, 
which,  beginning  in  the  eyes,  was  most  pronounced  over  the  back  of  the  head  and 
neck,  and  extended  to  the  lower  cervical  vertebrae.  The  painful  muscular  stiffness  of 
the  oeck,  from  which  she  had  suffered  so  terribly  during  the  acute  attack  nearly  three 
years  previously,  had  never  left  her  and  was  a  constant  cause  of  distress.  No  posture 
was  endurable  except  when  the  head  was  thrown  back,  while,  during  occasional 
paroxysms  of  more  than  ordinary  severity,  these  muscular  contractions  would  become 
convulsive.  These  symptoms,  together  with  others,  and  especially  with  a  chronic 
irritation  of  the  intestinal  tract  from  the  mouth  to  the  anus,  incapacitated  the 
patient  for  all  enjoyment  and  the  ordinary  <luiies  of  her  station.  For  the  symptoms 
more  directly  due  to  the  meningitis,  we  subrailttrd  the  patient  to  central  galvanisa- 
tion; as  a  general  tonic,  and  for  the  relief  of  lier  digestive  difficulties  due  to  intes- 
tinal irritation  we  employed  general  faradization.  Up  to  June  25,  1875,  a  period 
of  ten  weeks,  fifty  applications  were  administered.  Under  this  treatment  alone  the 
patient  steadily  improved,  and  when  she  left  the  city  for  the  summer  month),  she  was, 
to  a  great  extent,  relieved  of  the  most  distressing  symptoms.  Upon  her  return 
treatment  was  resumed  until  complete  recovery.  We  say  complete  recovery.  This 
statement  should  perhaps  be  modified.  At  this  date  she  feels  an  occasional  achmg^ 
and  a  slight  drawing  sensation  at  the  back  of  the  head  after  much  fatigue,  but  in 
gcDcral  she  has  all  along  enjoyed  a  fair  degree  of  health. 

In  this  connection  we  may  be  pennitted  to  call  attention  to  the  fact, 
that  sudden  blows  and  shocks  may  in  certain  cases  result  in  obstinate 
circulatory  derangements  of  the  cerebro-spinal  tract,  associated  with 
symptoms  analogous  to  those  following  cerebro  spinal  meningitis. 

The  above  statement  was  very  strikingly  illustrated  in  the  person  of 
a  lady  sent  to  us  a  few  years  since  by  Dr.  J.  Ellis  Blake. 

Case  CLX XXV, —Some  five  years  before  she  had  fallen  upon  the  sacrum— the 
immediate  effects  of  which  were  "severe  pain,  nau^a,  and  slight  motor  paralysis  of  the 
extremiries.  R-^overy  seemed  complete  in  a  few  week>,  but  shortly  after,  on  taking 
a  severe  cold,  the  same  symptoms  returned,  and  then,  with  the  exception  of  some 
•light  traces,  gradually  disap|)eared.  Two  years  before  we  saw  her  she  fell  again, 
striking  on  the  hip  with  such  force  as  to  cause  an  aggravation  of  all  the  symptoms 
before  experienced,  together  with  a  peculiar  fierversion  of  vt«ion.  All  i^ari  objects 
appeared  reJ,  and  it  was  some  time  fxrfore  Mght  became  natural  in  this  respect.  For 
a  tunc  she  sufiTered  from  excessive  hypersesthesia,  which,  on  subsiding,  was  followed 
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fay  cqilulalgia.  The  pain  was  specially  localized  over  ihe  mastoid  processes,  back  of 
»he  bead  and  neck,  with  frequent  extension  along  the  entire  length  of  the  spinal  coni. 

The  patient  carried  her  hea<l  at  all  times  slightly  thrown  back,  and  in  attempting 
to  throw  it  forward  complained,  as  do  patients  sufTering  from  the  sequelx  of  cerebro- 
spinal meniitgitis. 

She  (uffered  much  from  insomnia,  and  was  capable  of  but  little  exertion.  From 
June  II  to  August  I,  1877,  the  patient  was  subjected  to  central  galvanitatioo,  re- 
ceiving in  this  lime  thirty-seven  applications,  which  to  a  great  decree  dissipated  the 
more  prominent  symptoms  from  which  she  had  suffere>J  for  years.  In  the  spring  of 
1879  she  complained  of  marked  evidences  of  a  return  of  the  old  :iymptoms.  The 
«sme  method  of  treatment  was  employed  u  before*  resulting,  la  less  than  three 
weeks,  in  complete  relief. 


I 


Typho- Malarial  Fever. — When  we  come  to  consider  the  sequelae  of 
eilhcr  typhoid  or  malarial  fevers,  we  shall  not,  as  a  rule,  tind  the  same 
gravity  or  diversity  of  symptoms  that  often  confront  us  subsequent  to 
the  acute  stages  of  diphtheria  and  cerebrospinal  meningitis. 

Convalescence  is,  however,  occasionally  very  tedious,  and  we  have 
recorded  not  a  few  such  cases  where  the  tonic  effects  of  general  fara- 
diiation,  in  hastening  returning  strength^  were  most  distinctly  marked. 
The  symptoms  that  followed  the  subsidence  of  the  fever,  in  the  case 
here  given,  were  not  only  serious  and  obstinate  in  character,  but  so 
entirely  unique,  that  they  seem  to  us  to  be  well  worthy  of  record. 


Case  CLXXXVI— Mr.  S ,  aged  23,  was  taken  ill  in  June,  1879,  by  an  acute 

Attack  of  dysentery,  followed  by  typho-malarial  fever.  In  six  weeks  the  fever  passed 
■way,  leaving  the  patient  ^luile  helpleis.  With  returning  strength  he  was  able  to 
leave  his  bed  and  go  into  the  country,  in  the  hope  that  there  the  convalescence  would 
be  more  rapid.  He  gaijied  very  little  in  power  over  the  movements  of  the  limbs  and 
botly,  and  when  we  saw  him  the  following  September,  through  the  kindness  of  his 
physician.  Dr.  J.  O,  Farrington,  of  Harlem,  the  phenomena  present  were  both 
unique  and  grave. 

It  may,  perhaps,  convey  a  fair  idea  of  the  general  appearance,  to  say  that  the 
whole  body  was  thoroughly  stiff.  The  legs  from  the  hips  down,  could  be  mored  only 
with  difficulty.  The  arms  could  be  raised  from  the  sides  but  a  little  way.  The  head 
and  neck  were  almost  motionless  upon  the  shoulders.  The  right  shoulder  could  be 
moved  slightly  up  and  dov^n  ;  the  left  not  at  alL  Deglutition  was  so  much  impaired 
that  solid  food  could  not  be  taken  with  comfort  or  safety. 

There  was  much  wasting  of  the  muscular  tissue,  but  this  was  most  apparent  in  the 
right  thigh,  which  had  decreased  several  inches  in  circumference,  and  in  the  posterior 
portion  of  the  neck  on  either  side,  where  the  trapezius  muscles  immediately  betow 
their  occipital  oiigin  had  atrophied  to  an  alarming  extent.  It  was  found,  on  submit- 
ting the  patient  to  an  electrical  examination,  that  the  farado-muscular  contractility 
of  every  superficial  muscle,  with  the  exception  of  the  abdominal,  was  very  greatly 
unpaired.  The  right  trapeiius  contracted  slightly  to  a  powerful  current,  but  the  left 
tnperius  (ailed  to  react  to  any  stimulus.    The  stemo-dado-aiBstoid  masclea»  which 
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ar«  norcnalljr  so  susceptible,  contracted  only  under  the  influence  of  a  very  powerful 
current.  There  were  no  sensory  or  other  symptoms  present  especially  suggestive  of 
serious  central  disease,  but  a  strength  of  current  ordinarily  unendurable  could  be 
applied  to  the  back  of  the  neck  without  producing  any  sensation  whatever.  Local- 
izeil  faratlizalion  or  galvanization  in  a  case  such  as  this,  where  almost  every  muscle 
was  involved,  would  have  been  manifestly  impracticable. 

The  case  called  for  an  impression  more  general  and  powerful  than  can  possibly  lie 
obtained  from  mere  localization  of  currents.  General  faradization  was  therefore 
attempted,  and  with  results  that  confirm  the  abundant  testimony  that  has  already  been 
given  of  its  remarkable  efficacy. 

The  affected  muscles  developed  with  astonishing  rapidity.  Deglutition  improved 
immediately,  and  soon  became  natural.  After  a  few  applications,  returning  sensi- 
bility and  coatractility  to  the  influence  of  the  current  became  manifest.  Improve- 
ment rapidly  went  on  xuitil  all  atrophy  having  disappeared,  and  the  head,  neck,  and 
limbs  l^ecoming  quite  flexible,  the  patient  was  able  to  resume  an  active  and  laborious 
mercantile  position. 

Although  the  differential  indications  for  the  use  of  the  two  currents 
tn  the  sequelae  of  the  diseases  under  consideration  have  been  made 
more  or  less  apparent  in  the  preceding  illustrative  cases,  it  may  be  well 
to  concisely  fornnilate  them  as  follows  : 

ist.  For  the  relief  of  the  various  paralytic  symptoms  that  follow 
diphtheria,  whether  cardiac  or  of  the  voluntary  muscles,  the  faradic  cur- 
rent is  almost  always,  if  not  invariably  indicated. 

2d,  The  galvanic  current  here  is  not  only  less  effective  than  the 
/aradic,  but  is  frequently  useless,  and  occasionally  harmful. 

3d.  While  localized  faradization  may  prove  sufficient  in  cases  where 
the  symptoms  are  mild  and  restricted  in  extent,  general  faradization 
should  be  used  where  the  paralysis  is  raiore  general  and  constitutional 
symptoms  are  manifest. 

4th.  In  the  treatment  of  the  sequelae  of  cerebro-spinal  meningitis 
the  galvanic  current,  and  generally  by  the  method  of  central  galvaniza- 
tion,  is  indicated. 

5lh.  For  these  and  analogous  symptoms  relating  to  the  central  nerv- 
ous system,  the  true  constant  current,  or,  in  other  words,  of  so-called 
low  tension  and  increased  quantity,  are  preferable  to  the  ordinary  con- 
tinuous current  of  higher  tension. 

Sequela  of  Sunstroke, — During  seasons  of  protracted  and  excessive 
heat,  such  as  have  been  notably  experienced  during  the  past  few  sum- 
merSf  a  very  large  number  of  persons,  especially  in  our  cities,  are  more 
or  less  injured,  either  by  the  general  depressing  influence  of  the  con- 
tinued high  temperature,  or  by  some  special  exposure,  without  being,  in 
the  ordinary  sense  of  the  word,  sunstruck.  Those  whose  nervous  system 
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has  ]xei\  exhausted  or  disordered  by  the  excessive  use  of  stimulants 
and  narcoiics,  by  debililating  diseases,  and  especially  by  overlabor  or 
excitement  of  the  brain,  are  tJiost  liable  to  be  thus  affected. 

Injuries  thus  produced  may  be  manifested  by  every  variety  of  ner- 
vous disorder — spinal  irritation,  insouinia,  neurasthenia,  neuralgia,  epi* 
lepsy,  nervous  dyspepsia,  hysteria,  paralysis,  and,  not  unlikely,  positive 
insanity. 

The  majority  of  such  cases  never  know  the  exciting  cause  of  their 
aymptoms  until,  perhaps,  it  is  indicated  lo  them  by  the  physician  who 
inquires  into  them.  In  a  number  of  cases  that  have  been  under  our 
care  for  the  above  symptoms  the  solar  heal  was  a  prominent  if  not  a 
principal  cause. 

The  symptoms  may  appear  and  reappear  for  months  and  years  after 
the  original  attack.  There  is  little  doubt  that  there  are  through  society 
thousands  of  such  cases  of  various  grades,  many  of  whom  have  never 
suspected  the  nature  of  their  malady.  The  solar  origin  of  the  symp- 
toms which  we  have  mentioned  may  be  suspected  not  only  when,  as  is 
very  frequently  the  case,  they  can  be  traced  to  some  definite  exposure, 
but  also  when  they  are  observed  to  be  peculiar  to  the  summer,  remit- 
ting wholly  or  partially  in  winter,  or  to  be  especially  aggravated  by 
exposure  to  the  sun,  and  to  be  experienced  only  during  the  daytime. 

Our  best  results  with  electricity  have  been  obtained  in  these  cases^ 
by  a  combination  of  the  two  methods  of  electrization,  general  faradixa* 
lion  and  central  galvanization,  varied  in  some  cases  by  galvanization 
of  the  pneumogastric  and  cervical  sympathetic.  Excepting  those  cases 
which,  by  some  peculiarity  of  temperament,  or  as  a  peculiar  result  of 
the  disease,  cannot  bear  electricity,  the  electrical  treatment  works  ad- 
mirably, whether  used  alone  or  in  connection  with  internal  medicarioo. 
Arsenic  we  give  in  the  form  of  granules,  /,x  of  a  grain  each,  before 
meals.  We  use  also  zinc  in  the  form  of  oxide  or  phosphide,  and  fat 
in  the  fomi  of  cod-liver  oil  emulsion. 


I 
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Partial  paralysis— Pkysual  and  mental  ^tpression—  The  sequela  of  sunstroke — 
Rapid  recovery  under  general  faradtzation  and  central  galvanizaticH. 

Case  CLXXXVII— Mr.  W.,  aged  55,  consulted  us  in  ihe  autumn  of  1S72.  The 
patient  was  connected  with  one  of  the  prominent  firms  for  the  manufacturing  of  safes 
in  this  city  ;  snJ  wliLle  in  a  western  city,  endeavoring  to  negotiate  certain  sale,  he 
was  suddenty  overtaken  with  faintness,  profound  vertiyo,  .ind  almost  complete  uncon- 
Eciousne^^s.  This  attack  occnrred  on  an  oppressive  July  day,  some  four  months  prior 
to  his  visit  to  us,  ind  ever  since  he  had  been  in  an  exceedingly  nervous,  excitable  con- 
ditioa.  Any  considerable  exercise  in  walking  was  invariably  followed  by  unusual 
fatigue,  aad  he  was  not  only  incapacitated  from  engaging  in  any  business  enterprise,. 
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bat  an  attempt  to  read  eveu  the  morning  paper  resulted  in  mental  disquietude  and 
real  exhaustion.  There  was  a  decided  loss  of  jjower  in  both  lower  cxtrerailies,  asso- 
ciated with  a  considerable  degree  of  cin.esthesia.  Wc  submitted  him,  on  Kveral 
different  occasions,  and  at  intervals  of  a  day,  to  general  faradization,  with  the  effect 
of  improving  greatly  his  motor  power  and  of  dissipating  all  numbness.  After  a  time 
central  galvanization  was  altcrnateJ  with  the  above  treatment,  and  in  the  course  of 
Six  weeks  the  patient  had  so  far  improved  in  his  other  symptoms  as  to  be  fully  able  to 
again  engage  actively  in  business. 

In  the  foUowing  case  the  peculiar  susceptibility  to  stimuli  caused  by 
sunstroke  was  strikingly  illustrated : 


Case  CLXXXVIII. — Mr.  W,,  a  gentleman  abont  35  years  of  age,  was  referred 
to  QS,  October  t6,  1S72,  by  Dr.  A.  B.  liall.  While  ascending  a  mountain  during  hu 
summer  vacation,  he  was  overcome  by  the  excessive  heat.  He  wa*  not  unconscious, 
and  after  a  short  rest  he  resumed  his  wallc.     The  thermometer  at  the  time  was  about 

The  attack  left  him  with  a  feeling  of  sensitiveness  in  the  head,  which,  instead  of 
diminishing,  had  increased  until  the  time  that  he  called  upon  us.  During  several 
weeks,  at  intervals  of  a  few  days,  he  had  several  attacks  of  loss  of  motor  power. 

A  prominent  feature  of  his  case  was  his  exceeding  susceptibility  to  stimuli.  A  tea- 
spoonful  of  wine  or  a  whiff  of  a  cigar  caused  him  to  feel  wretchedly. 

We  found  him  on  trial  similarly  sensitive  to  electricity.  Mild  faradization  or  gal- 
vanization caused  a  heightening  of  the  evil  symptoms,  and  the  electrical  treatment 
was  .ibnndoned.  Subi>equcntly  the  patient  was  rapidly  benefited  by  a  short  trip  to 
the  ^a^ide.  The  first  breath  of  the  ocean  air  seemed  to  act  on  him  tvith  the  force 
of  a  specific. 
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Intermitimi  Fever, — According  to  Tripier*the  electric  bath  and 
statical  electricity  have  been  used  in  certain  cases  of  intermittent  fever, 
both  in  EnglamI  and  Sweden,  and  occasionally  with  satisfactory  results. 
The  efficacy  of  the  preparation  of  quinine  in  malarial  disease  has> 
however,  destroyed  most  of  the  interest  that  might  otherwise  have  at- 
tached to  electricity  in  its  therapeutic  relation  lo  fevers. 

In  certain  chronic  conditions  of  intermittent  fever,  where  quinine 
and  other  internal  medication  have  provefl  unavailing  as  a  means  of 
permanent  relief,  we  have  seen  undoubted  benefit  arise  from  general 
faradization.  It  undoubtedly  acts  in  this  case  like  any  other  sumulat- 
ing  tonic  without  any  special  influence  on  the  malarial  poison. 


4 


Intermittent  /ever — Temporary  relief  from  quinine — Recovery  under  gentrat  feti 

ditation. 

Case  CLXXXVIIIa.— Rev.  Mr.  L.  applied  to  us  for  treatment  in  October,  i 
His  general  appearance  presented  all  the  marked  cfiaractcristics  of  malarial  influence, 
while  he  complained  of  obstinate  constipation,  loss  of  appetite,  and  a  considerahle 
degree  of  msonininu  One  year  previously  he  was  prostrated  by  an  attack  of  chills 
and  fever,  but  soon  recovered  bis  usual  health  under  the  influence  of  quinine.  In  the 
following  July  he  suflered  another  and  nmorc  severe  attack  of  the  tertian,  whicli  soon 
changed  into  the  quotidian  type  of  the  disease.  During  the  first  ten  days  of  his  Hl- 
ness  he  took  loo  grs.  of  quinine,  but  with  little  ap^mrent  benefit.  Still  further  treat- 
ment  by  quinme  interrupted  the  severity  and  regularity  of  the  paroxysms,  but  bv  no 
means  effected  a  cure.  For  some  time  before  he  fell  under  our  observation  (Oct.  14, 
1867),  he  suffered  every  few  days  from  what  is  commonly  termed  "  dumb  ague."  We 
immetliately  resorted  to  the  most  thorough  form  ol  treatment  by  general  elect rizaii»>n 
with  the  faradic  current.  He  was  remarkably  susceptible  to  its  influence,  and  over 
the  region  of  the  stomach  and  liver  especially  only  a  very  slight  current  could  be 
borne. 

This  treatment  was  repeated  every  other  day  for  two  weeks.  His  bowels  soon 
became  regular,  his  appetite  improved,  and  after  the  third  application  the  attack 
ceased  altogether.  For  several  months,  at  least,  after  the  cessation  of  treatment  be 
continued  free  from  any  indications  of  returning  symptoms.  Subsequently  he  p>wffi 
from  under  our  observation. 

•  Manuel  d'Electrotherapie,  etc,  1861,  p*  581. 
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A  second  and  third  case,  in  which  the  syni|>tom5  were  less  severe, 
bul  fully  as  persistent,  yielded  i>roini>tly  and  completely  to  the  same 
method  of  treatinenL 


IniermittefU  /£ver  associated  with  anastfusia,  itisamHia,  and  great  debility— Ap- 
proximate  reccvtry  in  two  weeks  iy  getural  Jaradnation. 

Case  CLXXXVIFIi^.— Miss  C.  S.,  aged  23,  was  placed  under  our  care  by  Dr. 
Geo.  Steincrt,  of  Harlem. 

The  i>aticnt  had  all  her  life  been  somewhat  feeble  in  health,  but  at  thi«i  time,  and 
for  a  month  previousjy,  she  had  suffered  from  a  very  decided  unpairroent  in  her  jfen- 
«ial  condition. 

Every  afternoon  at  4  o'clock  ihe  experitnced  a  very  decided  sense  of  ciiininess,  fol. 
lowed  by  a  fever  which  lasted  unlLl  5  o'clock  the  following  morning.  The  hands 
were  at  al!  houns  exceedingly  Kemulous,  and  at  night  c^iieciaUy  her  fingers  became 
<iuite  anatrthelic.  Her  strength  was  so  far  exhausted  that  she  could  walk  but  a  few 
blocks  without  great  fatigue.  Notwithstanding  these  unfavorable  symptoms  her 
bowels  continued  legular  ami  her  appetite  good. 

She  suffered  much,  however,  from  insomnia,  and  was  rarely  able  to  sleep  before  2 

A.]kL 

A  single  genera!  application  of  the  faradic  current  resulted  in  marked  relief  of  the 
condition  of  trembling  and  nitmbne&s.  Her  sleep  rapidly  improved  ;  the  periodical 
cbill  and  fever  became  less  and  less  marked,  and  soon  disappeared ;  her  strength  de- 
cidedly increased,  and  seven  applications  given  during  two  weeks  resulted  in  an  ap- 
proximate recovery. 

Disease  of  the  Supra  renal  Capsules  (Addison's  Disease). — Our 
kt>ow!edge  of  the  pathology  of  Addison's  Disease  is  very  incomplete. 
In  a  large  proportion  of  cases  the  bronzing  of  the  skin  and  the  pecu- 
liar cachectic  condition  of  the  affection  are  preceded  by  organic  lesion 
of  the  suprarenal  capsules. 

Cases  are  not  wanting,  however,  in  which  post  mortem  examinations 
have  revealed  no  anatomical  lesion  of  the  capsules,  notwithstanding 
the  previous  existence  of  the  most  marked  and  severe  characteristics 
of  Addison's  disease. 

Dr.  Wilkes  states.  "  That  after  some  years'  attention  to  the  subject, 
I  repeat,  with  much  confidetjce,  that  the  disease  of  the  capsules  in 
Morbus  Addisonii  is  uniform  and  peculiar.  In  all  the  examples  which 
we  have  now  in  our  museum^  amounting  to  thirty-three,  the  disease  is 
of  the  same  nature  in  all."  f 

Of  one  hundred  and  ninety  six  cases  reported  by  Dr.  Greenhow,  the 

*  Guy's  Hospital  Reports.  Vol.  «,,  1865.  Quoted  from  Aitken's  Practice  of 
Medicine.    Vol.  ii.,  p.  115. 
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supra  renal  capswles  were  found  to  have  undergone  the  characteristic 
morbid  change  in  one  hundred  and  iwenty-seven.* 

In  consideration,  therefore,  of  these  facts,  it  is  extremely  probable 
that  certain  organic  changes  in  the  capsule  of  the  kidney,  and  the  pecu- 
liar syniptoms  of  the  disease  under  consideration,  are  directly  related  to 
each  other  as  cause  and  effect  If  the  affection  be  recognized  before 
the  bronzing  of  the  skin  has  taken  place,  it  may  possibly  be  arrested. 

Unfortunately,  howeverj  it  is,  as  a  rule,  impossible  to  diagnose  the 
disease  before  the  discoloration  of  the  skin  commences,  when  it  is 
generally  acknowledged  to  be  incurable. 

In  regard  to  this  bronzed  discoloration  of  the  skin,  microscopical 
exaininations  by  Dalton  and  others,  have  demonstrated  that  it  is  due 
to  pigmentary  granules  in  the  rete  mucosum,  similar  to  those  in  the 
skin  of  the  negro. 

We  give  the  following  details  of  the  remarkable  effects  of  electricity 
in  a  case  of  Addison's  disease  exactly  as  they  appeared  in  the  hrst 
edition  of  this  work.  After  the  patient  had  approximately  recovered 
his  strength,  he  was  presented  before  the  New  York  Medical  and 
Library  Association,  by  Dr.  Rockwell,  as  an  illustration,  not  as  a  cure^ 
of  a  case  of  disease  of  the  supra-renal  capsules,  but  as  one  of  the  very 
best  illustrations  of  the  extraordinary  tonic  powers  of  general  faradization. 

Most  of  those  present  acknowledged  the  amelioration  of  the  man's 
symptoms  to  be  the  result  of  the  treatment,  but  doubted  whether  there 
was  or  had  been  disease  of  the  capsules.  For  two  years  afterwards  the 
patient  lived  and  enjoyed  during  the  time  all  the  vigor  that  had  resulted 
from  the  use  of  electricity.  Suddenly,  and  without  apparent  cause,  his 
strength  failed  him,  and  within  twenty-four  hours  he  died.  A  post- 
mortem was  obtained  which  substantiated  the  original  diagnosis*.  The 
capsule  of  one  kidney  had  entirely  disappeared,  leaving  in  its  stead 
some  calcareous  remains.  The  other  capsule  was  situated  on  the  in- 
ternal border  of  the  kidney  a  little  below  its  normal  seat,  and  w?s  com. 
posed  of  a  cheesy-like  substance^ — characteristic  of  the  disease. 

The  specimen  was  presented  by  Dr.  Rockwell  before  the  membcff^^ 
of  the  New  York  Pathological  Society. 

Disease  of  the  supra-renal  <apsults — Dark  skin — Deficitnt  teerttiem — Parafyns  of 

tht  left  arm — Lost  of  sexual  power —  Very  great  improvement  under  general far^ 

aditatioH — Slight  further  improvement  under  gatvanitation  of  tht  xympathetu. 

Case  CLXXXIX— The  patient,  a   managed  45.  was  referred  to  us  by  Dr.  IL 

H.  Grejfory,  <i«f  Harlem,  and  the  diagnosis  of  disease  of  the  supra-renal  capsules  wai 

confirmctl  by  Prof.  Austin  F"llnl, 

*  Clymer  in  Aitkeo's  Practice  of  Medicine.     Vol.  ii.,  p.  tia 
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Until  November,  1867,  the  patient  enjoyed  perfect  health. 

About  this  time  he  began  to  observe  slight  symptoms  of  exhatu'ion.  Soon  hli 
•ppetile  failed  him.  He  became  anaemic,  and  suffered  from  excessive  .'atiguc  after  the 
slightest  e-xertion. 

He  was  confined  to  bis  bed  during  the  month  of  January,  when  Ue  first  obeenred 
■ome  sliglit  discoloration  of  his  (ace  and  hands. 

During  the  succeeding  months,  until  August,  1S68,  liis  general  health  seemed  to 
improve  somewhat,  so  that  he  was  enabled  to  engage  in  moderate  labor.  At  thit 
time  he  suddenly  relapsed  into  a  state  of  utter  exhaustion.  His  skin  became  several 
shades  darker,  and  his  genera)  appearance  was  that  of  an  ordinary  mulatto. 

His  bowels  became  distressingly  constipated.  Sleep  was  fitful  and  unrefreshing 
0is  mouth  and  throat  were  excessively  dry  and  parched ;  indeed,  the  function  of  th« 
secreiory  organs  generally  was  markedly  impaired. 

The  skin  was  shrivelled  and  dry.  The  finger-nails  were  brittle,  breaking  on  the  ap- 
plication of  a  very  slight  force.  The  left  arm  was  stiff  and  almost  powerless.  It 
could  not  be  bent  beyond  a  right  angle,  nor  lifted  more  than  a  few  inches  frnm  the 
«de.     Lastly,  the  sexual  |xjwer  and  desire  were  entirely  lost. 

All  of  these  symptoms  persisted,  with  but  blight  variation,  notwithstanding  an  im* 
interrupted  tonic  treatment,  until  June,  1869,  when  the  case  fell  under  our  observa* 
tion.  As  the  most  prominent  and  distressing  symptom  of  which  the  patient  com- 
plained was  the  excessive  debility  that  unfitted  him  for  the  slightest  exertion,  the 
tesultsof  treatment  by  general  electrization  illustrate  more  furcibly  than  in  most  other 
instances  its  remarkable  conf^titutional  tonic  power.  A  general  appltcation  of  the 
(Bradtc  current  revealed  not  only  a  profound  anaesthetic  condition  of  the  whole  body, 
but  alw  an  unusual  general  impairment  of  the  electro-muscular  contractility.  By 
placing  the  negative  electrode  at  the  pit  of  the  stomach,  and  the  positive  on  the 
neck,  a  little  above  the  seventh  cervical  vertebra,  distressing  nausea  was  invariably 
produced. 

The  patient  began  to  amend  from  the  fint  day  of  treattaent,  and,  after  having  re- 
ceived thirty  general  applications  of  the  faradic  current,  his  condition  at  that  dat< 
may  be  thus  summed  up : 

1st.   He  had  long  been  completely  cured  of  his  coDstipalioa. 

ad.   Sleep  was  perfectly  sound  and  refreshing. 

3d,  The  dry  and  parched  condition  of  his  mouth  and  throat  was  entirely  reUeted, 
and  all  the  lecretions  of  the  body  had  increased  in  quantity  and  quality. 

4th.  His  finger-nails  were  restored  to  their  usual  elasticity. 

5th.  He  had  approximately  recovered  the  use  of  hb  arm.  This  improvement  wai 
flunifest  after  the  third  application. 

6th.   The  sexual  organs  had  been  very  decidedly  strengthened. 

7tlL  Above  all,  his  strength  and  power  of  endurance  hod  progressed  with  th* 
alxjve  changes.  At  first  he  was  barely  able  to  crawl  a  single  block  ;  he  could  after- 
wards walk  a  couple  of  miles  without  suffering  unpleasant  fatigue,  and  could  readily 
engage  in  any  light  labor. 

8th.  In  r^ard  to  the  bronzing  of  the  skin,  the  change  was  not,  as  yet,  very  marked. 
The  discoloration  seemed  to  be  a  shade  li|;hter,  and  had  sensibly  receded  on  the 
ndca  oi  the  fingers  and  hands. 

We  have  referred  to  the  nausea  excited  by  the  electric  curreDt    In 
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view  of  certain  theories  that  have  been  advanced  concerning  Addison'i 
disease,  this  fact  is  of  considerable  interest 

The  semi-lunar  ganglion  and  solar  plexus,  and  also  the  pneiuno 
gastric  and  phrenic  nerves,  supply  nervous  filaments  to  the  capsules. 

In  consideration  of  this  fact,  Dr.  Habershon  and  others  are  of  the 
"  opinion  that  the  more  fully  the  disease  is  known  the  more  completely 
will  it  be  traced  to  the  sympathetic  nerve."  The  unusual  action  of  even 
a  mild  current  on  that  nerve,  in  producing  nausea,  tends  to  strengthen 
this  conclusion. 

This  annoying  symptom  rapidly  became  less  marked  as  the  patient 
gained  strength  under  the  influence  of  electrization,  and  a  most  powcft 
fill  current  could  soon  be  applied  without  causing  inconvenience. 

The  patient  was  subsequently  treated  by  galvanization  of  the  sympa- 
thetic, with  some  further,  though  not  marked,  improvement. 

Very  little  scientific  attention  has  been  given  to  ihe  electro-thera 
peutics  of  diseases  of  the  kidneys,  although  the  organs  are  sufficiently 
accessible  to  electrization.     Most  of  the  recognized  chronic  diseases  of 
the  kidneys  are  of  so  grave  a  character  that  they  have  offered  but  little 
encouragement  for  electrical  experimentation. 

It  is  impossifjle  to  pass  an  electric  current  through  the  body  in  the 
region  of  the  kidneys  without  directly  affecting  these  organs,  as  is  clear 
from  what  is  known  of  the  conductibility  of  the  tissues,  and  also  fron> 
clinical  observation.  In  many  instances  patients  have  called  our  atten- 
tion to  the  fact  that  after  general  faradization  the  secretion  of  urine  was 
much  increased. 


Compete  supprestion  of  urine  for  six  dayt,  foilowimg  on  attack  of  gravtl—ThrM 
applications  of  general  faradization  is  followed  by  a  copious  /tow,  amoutitinf 
$n  eighteen  hours  to  over  twelve  quarts. 

Case  CXC— Mr.  S.,  agwl  about  50,  and  wdghing  some  280  lbs.,  had  for  several 
{rears  suffered  more  or  less  from  gravel.  In  these  parcxysmal  attacks  the  urine  would 
often  become  completely  suppressed,  but  by  a  warm  bath  and  warm  drink  the  func- 
tional activity  of  the  kidney  invariably  returned  in  a  short  time.  On  one  occasion,  how* 
ever,  after  an  attack  of  unusual  severity,  these  ordinary  remedies  completely  failed  to 
re-establish  the  excretion  of  urine.  Dr.  H.  H.  Gregory  was  Lmmediately  called,  and,  in 
conjunction  with  Dr.  W.  H.  Draper,  vainly  endeavored  by  every  means  at  command 
to  relieve  the  suffering  patient.     At  the  end  of  the  sixth  day  but  about  thirty  drops  of 

•  thick  and  bloody  fluid  had  been  passed,  and  Dr.  Gregory  requested  us  to  use  elec* 
tricity.  The  patient  was  at  this  time  completely  prostrated  and  very  drowsy,  but  no 
odor  of  urea  conld  be  detected  in  the  breath.  We  decided  to  submit  the  patient  to 
general  faradization,  and  on  Saturday  evening,  the  sixth  day  of  the  suppression,  mad* 

•  preliminary  atlempt.  There  was  so  much  adipose  tissue  to  overcome,  and  the  skin 
of  the  patient  was  so  exceedingly  sensitive,  that  it  was  very  difBcult  to  cany  out  tht 


SUPPRESSION   OF   URINE— DIABETES. 


641 


proposed  treatioent  eflTectoally.  On  Sunday  morning  ■  second  application,  with  an  in- 
<:rra.<«d  strength  of  current,  was  given,  and  again  on  Sunday  evening  at  10 o'clock  the 
treatment  was  essayed  a  third  lime.  Two  hoars  sobsequcntly  the  patient  felt  a  de- 
sire to  urinate  and  soccecded  in  passing  an  ounce.  In  a  few  minutes  the  desire  to 
annate  returned,  when  almost  without  cessation  he  passed  an  ordinary  sixed  chamber 
full,  and  up  to  six  o'clock  the  same  day  twelve  quarts  were  voided.  Ffom  this  time 
forth  the  kidneys  continued  active,  and  the  patient  recovered. 

An  instructive  feature  in  this  unique  and  interesting  case  lies  in  the 
(act  that,  notwithstanding  a  complete  suppression  for  16S  hours,  the 
symptoms  of  uraemic  poison  were  by  no  tneans  so  decided  as  might  be 
expected.  This  amelioration  can  without  doubt  be  fairly  attributed  totlie 
skilful  management  of  the  attending  physician,  especially  in  tlie  matter 
of  hot-air  baths,  by  which  the  excretory  function  of  the  skin  was  kept  in 
a  constant  state  of  activity. 

In  relation  to  the  credit  due  to  electricity  for  the  successful  issue  of 
this  desperate  case,  whether  the  symptoms  were  self-limited,  or  whethei 
the  treatmeut  by  the  hot-air  baths  and  internal  medication  would  alone 
and  in  good  time  have  brought  about  the  desired  result,  it  is  impossible 
positively  to  decide.  On  tlie  principle  oi post  hoc  €t^  etc.,  it  would  cei- 
tainly  seem  as  if  faradization  should  be  regarded  as  the  important  thera- 
peutic factor  employed,  especially  as  its  power  to  increase  the  urinary 
secretion,  both  in  the  healthy  and  diseased  condition  of  the  kidney,  is 
clearly  taught  by  experience. 

Diabetes. — The  supposed  relation  of  this  symptom  to  the  disease  of 
the  brain  suggests  the  propriety  of  treating  it  by  galvanization  of  the 
sympathetic  and  of  the  brain  and  spinal  cord. 

Dr.  Wm.  Dickinson,*  who  has  made  post-mortem  examinations  of 
the  brain  and  spinal  cord  of  five  diabetic  patients,  found  the  following 
peculiar  morbid  changes,  which  were  nearly  similar  in  all : — 

1.  Dilatation  of  the  arteries.     This  was  the  earliest  symptom. 

2.  Degeneration  of  the  nervous  matter. 
3    Cavities  produced  large  enough  to  be  seen  without  the  micro 

scope,  and  which  contained  products  of  nervous  decay. 

14.  These  contents  become  absorbed. 
These  changes  were  found  near  the   arteries   and   throughout   the 
spinal  cord  and  encepbalon,  but  especially  in  the  medulla  obloi  gata 
and  pons  varolii f 
*  Medical  Tinaa  and  Gasette,  March  19,  187a 
f  The  relation  which  has  been  established  by  Calvi  between  diabetes  and  pmritasol 
the  vulva,  which  is  a  nervous  affection,  would  seem  also  to  ^>eak  for  the  nervooi 
character  of  the  former  disease.     (See  Damon's  Neuroses  of  the  Skin,  186S,  p.  25.) 
l: 
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These  investigations  were  confirmed  by  a  most  distinguished  author 
ity  in  nervous  pathology,  Dr.  Lockhart  Clarke. 

Besides  these  pathological  observations,  there  are  two  gcne»al  con 
siderations  which  might  be  adduced  in  favor  of  the  theory  that  Jiabetes 
is  essentially  a  nervous  disease. 

In  the  first  place,  it  appears,  in  sorae  mstances  at  least,  to  be  broughfl 
on  by  excessive  mental  excitement  or  worry.     That  it  may  be  produced 
by  concussion  of  the  brain  is,  we  believe,  conceded.      That  there  is  a 
relation  between  diabetes  and  the  base  of  the  brain  has  for  some  time 
been  more  than  suspected. 

Secondly,  the  results  of  some  of  the  therapeutical  measures  would 
seem  at  least  to  indicate  that  this  disease  may  be  favorably  influenced 
through  remedies  that  affect  the  nervous  system.  Prof  Austixi  Flint  • 
has  recently  published  reports  of  two  or  three  cases  of  diabetes  that 
were  decidedly  benefited  by  bromide  of  potassium. 

Experience  is  the  best  and  only  test  of  the  strength  of  these  fects  and 
considerations.  The  experiment  of  central  galvaniiation — including 
the  brain,  spinal  cord,  and  sympathetic — is  surely  worthy  of  a  faithful 
trial,  especially  in  the  early  stages  of  this  affection.  This  treatment 
would  be  none  the  less  indicated  if,  as  some  suppose,  the  pathological 
changes  found  in  the  brain  and  spinal  cord  of  diabetic  patients  are^ 
merely  the  rault  of  the  disease. 

Experimentally  faradization  of  the  liver  might  also  be  tried. 

Semmota  f  has  found  both  temporary  and  permanent  results  from 
fiwadization  and  galvaniatation  of  the  pneuraogastric  In  sorae  cases 
both  the  quantity  of  urine  and  of  sugar  were  diminished.  It  may  be  re- 
marked that  it  would  be  difficult  to  galvanize  the  pneumogastric  without 
also  affecting  the  sympathetic. 

It  is  yet  too  early  to  offer  positive  opinions  in  regard  to  the  electro- 
therapeutics of  this  disease,  but  the  following  cases  are  suggestive  of 
what  may  possibly  be  accomplished  in  the  future. 


Difthetet  MelUtus  of  traumatic  origin  in  an  ikgtd  fatieni — Rafid  relitf  of  mtl  tht 
tymflvmtSt  and  apparent  arrett  of  the  disease  under  central  gaJpanitatiom-  > 
Smtsefuent  attack  of  hemiplegia. 

Cask  CXCI. — J.  D.,  a  fanner,  aged  76,  w&s  referred  to  us  January  yy,  1873,  by 
Dr.  J.  II.  Raymond.  The  patient  had  always  been  active,  labohouSk  and  well,  untd 
two  years  previous,  when  Ite  fell  ten  feet  in  a  bam,  struck  and  hit  on  hb  side.  Thai 
same  night  came  pain  10  the  nipple,  aitd  a  very  profuse  flow  of  mine.  At  one  tune 
hepuBed  as  high  as  two  quarts  and  three  pints  daily.     It  was  ascertained  that  tKe 

♦  American  Practitioner,  Jan.,  1870. 

I  Quote!  by  Althaus  op.  ciL,  p.  582. 
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tfrini  cnintatned  sugar,  and  by  medical  advice  he  had  adopted  Camplin's  diet,  aad 
under  Dr.  Raymond  had  taken  carbonate  of  soda  with  advantage. 

The  syniptoins  at  the  time  the  patient  came  to  us  were  as  follows  : — There  wu 
headache,  bad  taste  in  the  mouth  ;  the  urine  had  a  specUic  gravity  of  1024,  and  he 
wa&  obliged  to  rise  in  tlieniglit  to  pass  water ;  about  two  quarts  were  parsed  daily; 
there  was  con-uderablc  muscular  debiJiiy,  so  that  a  short  walk  was  fatiguing. 

On  the  theory  that  the  disease  was  in  the  spinal  cord,  or  at  least  in  some  part  of 
the  central  nervous  system,  we  began  to  u«  central  galvanisation,  with  immediate 
results.  After  the  first  application  he  began  to  be  stronger,  and  after  a  week  it  was 
no  longer  neetlfnl  for  him  to  rise  at  night  to  pass  water.  The  specific  gravity  of  the 
viae  soon  went  down  to  1019,  at  which  point  stgar  could  still  be  detected.  The 
<diet  of  the  patient,  and  hi:i  general  manner  of  life,  were  the  same  as  before.  Sugar 
was  never  entirely  expelled  from  the  urine,  but  in  strength  the  patient  so  much 
Improved  that  he  could  walk  several  miles  daily.  The  headaches  were  felt  no  more, 
and  the  bad  taste  was  much  mitigated.  He  returned  to  his  home  and  to  his  occupation, 
and  was  able  to  work  more  or  less  for  six  months,  when  he  was  taken  with  hemi* 
pJegia. 

Dr.  Bunker  informs  us  that  he  has  similarly  treated  a  case  of  diabetes,  and  has  from 
time  to  time  examined  the  urine  and  estim2te:l  the  quantity  of  urea.  He  has  con- 
finned  the  experience  above  recorded ;  and  besides,  has  shown  what  we  did  not 
attempt,  that  the  quantity  of  urea  diminished  very  markedly  under  the  treatment. 

In  the  following  much  severer  case  the  apparent  results  of  treatment 
were  less  decided  : — 

JhcheUs  mtttitiu,  two  and  a  half  yearj^  ttandrng^  a^fiarently  eatued  by  a  fall, 
eomplUattd  with  variout  nervous  symftomj — Ttmp^rary  benefit  from  central 
galvinitation. 

Case  CXCII. — Mrs,  L.,  a  married  lady,  under  middle  age,  was  sent  to  us  March  4, 
1873.  Two  and  a  half  years  before  she  had  a  severe  fall,  which  produced  a  concua. 
aon  of  the  spine,  and  laid  her  up  for  a  week.  In  a  few  months  came  on  excessive 
thirst,  constipation,  and  sugar  in  the  urine.  She  had  been  through  various  forms  of 
treatment,  and  confined  herself  to  bran-bread,  and  was  then  drinking  Bethesda  water, 
which  seemed  to  do  her  good.  Her  condition  was  as  follows:  Specific  gravity  of 
arine,  1049  ;  six  gallons  passed  daily  jioxx  of  the  time,  and  when  she  paid  no  regard 
to  her  diet.  Considerable  facial  neuralgia,  great  thirst,  a  feeling  of  aching  and  stiff- 
Dcn  in  legs,  with  pains  resembling  growmg  pains ;  insomnia,  partly  owing  to  the  fact 
tlat  she  was  obliged  to  get  up  several  times  during  the  night  to  pass  water ;  and  ten* 
demess  of  dori^al  and  lumbar  vertebrae.  Treatment  by  central  galvanization  faithfully 
used  brought  down  the  specific  gravity  of  the  urine  to  10401  but  never  lower  than  that, 
enabled  her  to  pass  the  entire  night  without  rising  to  make  water,  and  relieved  many 
of  her  general  nervous  symptoms,  and  this  was  all  it  accomplished. 

Cirrhosis  of  the  Liver. — The  pains  that  accompany  this  disease  may 
be  relieved  by  various  electrical  applications,  and  it  is  possible  that  the 
disease  might  be  arrested,  in  some  cases  at  least,  provided  the  treat* 
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inent  was  began  early  an  J  faithfully  carried  out.  We  have  known  one 
case  to  be  somewhat  beutMiled  in  this  way. 

Dropsual  Effusions, — Dropsical  effusions  are  susceptible  of  treat- 
ment by  the  electric  currents,  even  when  they  depend  on  incurable  dis- 
eases of  the  heart,  liver,  or  kidneys.  Galvanization  and  faradization 
may  both  be  tried  with  strong  currents. 

In  oedema  of  the  lower  limbs  we  have  found  both  galvanization  and 
faradization  temporarily  and  socoetimcs  peuxiaaeuLly  efficacious. 

General  dropsy  tkt  rtndt  of  valvular  ktart  disease — Powerful  faradk  eurremO, 

iocaliaed,  greatly  increase  the  secretory  action  of  the  kidneys,  and  dusifiate  tkt 

dropsical  tffusion, 

CasbCXCIII.— Dccemberi3,  1870,  we  were  called  to  see,  with  Dr.  Sama^  T. 
Hubbard,  a  lady  aged  about  thirty-five  years,  who  was  suffering  from  general  dropsy. 
Tlie  abdomen  was  enormously  distended,  and  the  lower  limbs  were  double  their  nor- 
mal si«j.  The  patient  was  a  frail,  delicate  woman,  and  for  years  had  suffered  from. 
valvular  disease  of  the  heart  resulting  from  articular  rheumatism. 

The  kidneys  were  almost  entirely  inactive,  so  that  she  voided  not  more  than  a  toi« 
spoonful  of  urine  at  a  time,  ai\d  the  aggregate  quantity  secreted  during  twenty>four 
hours  was  but  a  trifle.  Ail  that  we  could  hope  to  accomplish  was  to  whip  up  Llic 
secretory  process,  and  for  tli)^ purpose  a  faradic  current  of  great  intensity  was  directed 
through  both  kidneys  and  the  lower  limbs.  The  current  was  to  the  patient  hardly  ap- 
preciable, notwithstanding  the  great  strength  of  current  use<},  and  yet  the  dow  of 
urine  was  so  increased  that  during  the  next  twenty-four  hours  a  greater  amoutit  wa» 
voided  than  she  was  accustomed  to  pass  when  in  her  ordinary  health.  The  applica- 
tions were  repeated  fifteen  times  (the  increased  amount  of  urine  secreted  being  kept 
up)  until  the  water  had  disappeared  from  the  abdomen  and  tegs.  This  was  only 
one  of  several  previous  attacks,  and  her  strength  was  so  much  reduced  by  continued 
suffering  that  she  gradually  sank  and  died.  Electrization  evidently  prolonged  life,  ood 
by  relieving  the  prcnnire  on  the  lungs,  much  alleviated  the  distresa, 

Brighfs  Disease. — Theoretically,  local  galvanization  through  the 
region  of  the  kidneys  and  central  galvanization  ought  to  be  of  service 
in  the  early  stages  of  Bright's  disease.  The  nutrition  of  the  kidneys 
might  thus  be  improved  directly  and  indirectly. 

We  have  not  yet  experimented  as  much  in  this  direction  as  wc  coul<*. 
wish. 

Dr.  H.  J.  Pratt»  of  Denver,  Colorado,  reports  a  case  of  Bright'f 
disease  where  the  galvanic  current  applied  over  the  dropsical  abdomen 
and  general  faradization  resulted  in  relief  of  the  dropsy,  and  in  a  dimi- 
nution of  the  amount  of  albumen  and  of  the  hyaline  casts. 

Rhinitis  {Catarrh). — Subacute  and  chronic  inflammations  of  mucous 
membranes  are  susceptible  of  eSectrical  treatment — may»  indeed,  be 
permanently  as  well  as  temporarily  relieved  by  it,  though  but  rarelj 
does  it  work  an  entire  cure  unless  aided  by  other  measures. 
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Aside  from  ar.y  chemical  effect  of  the  current,  its  mechanical  action 
alone  would  be  sufficient  to  theoretically  account  for  the  relief  it  gives 
to  inflamed  mucous  merabranes.  Stellwag,  speaking  of  irritants  in 
general  in  the  treatment  of  external  inflammations  of  the  eye,  uses  the 
following  language  :  *'  The  irritation  which  they  set  up  in  the  sensory 
nerves  being  carried  over  to  the  vaso-raotor  nerves,  may  cause  a  con- 
traction of  the  calibre  of  the  vessels  when  they  are  in  a  condition  of 
relaxation.  This  is  done  by  the  excitation  and  invigoration  of  the 
atonic  muscular  fibres.  The  resolution  of  the  inflammation  is  favored 
by  the  lessening  or  removal  of  the  congestion,  which  is  one  of  the 
causes  of  the  unfavorable  course."  * 

The  theory  is  fully  plausible  that  electricity  operates  to  a  less  degree 
in  the  same  way,  for  its  primary  effect  is  to  increase  the  amount  of 
blood  in  the  mucous  membrane  to  which  it  is  applied,  and  experience 
shows  that  this  hyperasmic  condition  thus  created  soon  passes  away,  f 

The  same  explanation  will  apply  to  the  action  of  electricity  on  ail  the 
mucous  membranes — the  eye,  the  ear,  the  pharynx,  larynx,  and  urethnu 
Certainty  the  ultimate  result  of  electrization  is  to  give  tone  to  the  mu- 
cous membranes  as  to  other  tissues  of  the  body.  (For  methods  of 
treatment  of  rhinitis,  see  Anosmia.) 


Ctttmrrk  of  right  year  f  standing — Complete  and  permanent  recffvery  under  beat 

gaivanisalion. 

Cask  CXCIV.— Mr.  N.,  aged  38,  was  referred  to  us  by  Dr.  D.  B,  St.  John  Roosa. 
For  eight  years  the  patient  had  been  aflHicted  with  nasal  catarrh,  of  a  most  persistent 
and  annoying  type.  We  expressed  doubt  as  to  the  efficacy  of  the  electrical  treat* 
inent  in  her  case,  and  stated  that  if  it  was  undertaken  it  would  be  necessary  to  be 
most  persevering  ut  order  to  test  its  efficacy. 

The  patient  was  willing  and  anxious  to  try  this  or  any  other  method  that  offered 
the  sliglitest  chance  of  relief,  and  for  nearly  four  months  she  submitted  to  the  pro- 
poscil  treatment.  From  four  to  six  ordinary  sized  tine-carbon  cells  were  used,  and 
the  treatment  was  both  external  and  internal  About  sixty  applications  vere  given,, 
and  the  result  was  a  complete  recovery. 

Over  four  years  have  now  elapsed  since  this  case  was  first  published, 
but  the  patient  has  never  felt  a  symptom  of  a  return  of  the  difll- 
culty. 

Aftosm't€ty  or  Loss  of  Smse  of  Sme/J.~A  very  frequent  result  of  long- 
continued  rhinitis  is  partial  or  complete  anosmia.     The  acu'e  form  thai 

•  Diseases  of  the  Eye.     Translated  by  Drs.  Hackley  and  Roosa,  p.  26. 

f  Golubew  has  shown  that  the  capillaries  of  the  nictitatbg  membrane  of  the  frog 
contract  transversely  under  the  influence  of  powerful  electrical  shocks.  (BiUrotli*t 
Surgical  Pathology.     Trans'ated  by  Dr.  C   E.  Hackley,  p.  53.) 
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appears  in  the  early  stages  of  severe  cold  usually  passes  away  ivithoui 
treatment  on  the  subsidence  of  the  inflainination.  In  some  cases 
anosmia  is  supposed  to,  and  probably  does,  result  from  careless  and  too 
prolonged  use  of  over-irritating  injections.  There  are  various  grades 
of  the  disease,  from  simple  and  scarcely  perceptible  obtuseness  of  the 
smell  to  absolute  inability  to  detect  any  odor  whatevci. 
Kerosene,  coffee,  illuminating  gas,  make  no  more  impres- 
sion than  substances  of  a  negative  character. 

Anosmia  may  also  result  from  central  as  well  as  peripheral 
lesion. 

The  treatment  of  anosmia  may  be  both  external  and  intemaL 
The  external  treatment  is  the  same  as  that  recommended 
for  rhinitis,  except  that  the  current  should  be  much  stronger; 
the  internal  treatment  consists  in  the  direct  application  of  a 
metallic  electrode  to  the  mucous  membrane  of  the  nasal 
passages.  We  have  used  for  this  purpose  an  insulated  elec- 
trode, with  a  metallic  bulbous  extremity  that  can  be  run 
some  distance  up  the  inferior  meatus.  An  insulated  Eus- 
tachian catheter,  containing  a  wire  with  a  bulbous  extreraitj*, 
serves  very  well  the  puq>ose,  or  a  common  silver  catheter, 
Naioi  EUso-  '^"'"sulated,  may  be  used  ;  or,  indeed,  any  flexible  metallic 
trode.      electrode  of  proper  size. 

Anosmia  existing  six  years — Improvement  under  treatment  by  heal  faradixaiioaL. 

Ca.se  CXCV, — Nfr.  H.  I.,  a  meilical  5tti<1cni,  aged  30,  was  referred  to  us  by  Dr. 
RoosR,  May,  1:^69.  Some  six  years  previously  the  patient  liAd  fallen  from  a  horse  and 
sustained  &«veic  bruises  about  the  head  and  face.  From  that  time  he  had  been  unable 
to  distinguislt  any  odor  with  the  exception  of  that  of  fresh-ground  coffee  and  keroaesc 
oil. 

A  powerful  application  of  the  faradic  current  was  made  on  either  side  of  the  bridge 
of  the  nose,  near  the  eyes,  enabling  him  In  the  course  of  a  few  hours  to  smell  faintly 
certain  strong  perfumes, 

Oct  the  following  morning,  however^  he  was  surprised  to  find  himself  able  to  smeO 
tobacco  smoke,  camphor,  etc 

His  sense  of  smell  remained  thus  acute  until  three  or  four  in  the  aftemoaoi  when 
it  suddenly  disappeared. 

A  second  application  was  followed  by  the  beneficial  result  of  the  first,  and  with 
only  a  partial  relapse,  while  the  third  and  fourth  stances  rendered  him  sensible  to 
inost  of  the  ordinary  odors. 

Anosmia  associated  -with  loss  oj  tke  sense  of  taste^Reeevery  nnder  loeaiwd gmJmmm' 

tation. 
Case  CXCVI. — Mrs.  H.,  sent  to  us  by  Dr.  A.  N.  firockway,  aged  45,  was  suficr- 
in^  from  a  iicvere  and  chronic  nasa!  catarrh,  and  associated  with  this  disca&c  wa»  a 
complete  loss  of  the  senses  of  la-stc  and  smell. 


Fitj.  136. 
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It  WM  alike  to  the  paticot  whether  she  ate  the  most  delicate  morsel  or  the  drjresl 
emit,  oi  whether  she  inhaled  the  perfume  of  the  rose  or  the  most  disagreeable  of 
odor*.  This  condition  has  existed  for  several  years,  but  under  the  influence  of  the 
galTaok  current,  applied  both  to  the  mucous  membrane  of  the  nasal  passages  and  ex< 
teroally,  the  senses  of  taste  and  smell  gradually  returned  to  their  normal  acuteness. 

Toothache  {Odontalgia). — The  pathological  conditions  that  give  ris€ 
to  toothache  are  so  various,  and  the  anatomical  difficulties  in  the  way 
to  direct  localization  of  the  current  in  the  affected  nerve  are  so  great, 
that  uniform  results  (rom  electrical  treatment  cannot  be  expected. 

The  familiar  cause  of  toothache  is  exposure  to  cold.  Although  the 
oerves  connected  with  decayed  teeth  are  more  liable  to  be  affectet? 
after  such  exposure,  yet  the  nerves  of  any  or  of  all  the  teeth,  even 
when  they  are  perfectly  sound,  may  also  become  hypersesthetic  and 
cause  exceeding  distress,  either  from  exposure  to  cold,  or  from  anaemia 
or  nervous  exhaustion.* 

The  ap|>lications  may  be  external  or  internal^  either  with  the  faradic 
or  galvanic  currents.  The  galvanic  is  preferable,  since  by  it  we  can 
better  put  the  irritable  nerve  in  a  condition  of  anelectrotonos  (see  p. 
281).  Externally  a  moistened  sponge  electrode  connected  with  the  posi 
tive  pole  may  be  applied  for  a  few  minutes  over  the  seat  of  the  pain, 
while  the  other  is  held  in  the  hand  of  the  patient 

The  application  may  be  made  internally  by  means  of  a  small  insulated 
electrode,  with  a  metallic  extremity.  (The  nasal  or  laryngeal  electrode 
will  serve  the  purpose.) 

In  both  the  external  and  internal  applications  it  is  well  to  begin  with 
a  mild  current,  and  gradually  increase  it  up  to  the  point  where  the 
patient  can  conveniently  bear  it 

Ozone  and  Otonized  Oxygen. — WTien  sparks  of  electricity  pass  be- 
tween two  metallic  plates,  a  peculiar  odorous  principle  is  developed, 
which  has  been  termed  otone  (from  q^ts,  to  smell).  This  odor  is  observed 
during  experiments  with  apparatus  for  statical  electricity,  while  the  elec- 
tricity is  passing  from  a  point,  when  a  discharge  from  a  strong  battery  iti 
sent  through  a  number  of  sheets  of  paper,  and  also  after  an  object  has 
been  struck  by  lightning.  As  long  ago  as  1785,  Von  Marum  observed 
that  electrified  oxygen  gave  forth  an  odor  much  like  that  which  ts  ob- 
served after  a  lightning  stroke.  This  odor  was  usually  described  as  "  sul- 
phurous," Mr.  Schonbcin,  who,  in  1840,  first  called  formal  attention  to 
ozone,  first  discovered  that  it  appears  at  the  positive  pole  in  the  elec- 
trolyzation  of  water. 

*  Frommhold  give»  an  interesting  chapter  on  Odontalgia  Rhcumatica.  See  hb 
ncctrotherapie  mit  besonderer  Rtlckaicht  auf  Nenren-Krankhdten,  1865,  p.  4Q4. 
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The  obsener  also  found  that  this  peculiar  odoriferous  principle  can  b< 
pieserved  in  glass  vessels  for  a  very  long  time.  The  odor  may  be  pre 
vented  from  appearing  by  raising  the  temperature  of  the  liquid  to  i 
boiling  point,  and  it  may  be  at  once  neutralized  by  the  addition  of 
quite  small  quantities  of  pulverized  charcoal,  tin,  zinc,  iron,  lead,  an- 
timony, bismuth,  or  arsenic,  by  a  little  mercur)',  or  by  introducing  inta 
the  substance  red-hot  platinum  or  gold.  It  is  produced  by  the  slow 
oxidation  of  phosphorus.  Jt  is  disengaged  from  solutions  of  a  number 
of  the  salts,  and  from  diluted  nitric,  phosphoric,  and  sulphuric  acids. 

Mr.  Gann  concluded,  from  his  experiments,  that  this  odor  may  be 
«volved  from  all  mcta!s,  provided  they  are  so  treated  as  not  to  become 
oxidized  or  to  combine  with  other  metals.* 

T<5ts, — The  test  for  ozone  proposed  by  SchDnbein  was  a  paper 
moistened  with  a  solution  of  iodide  of  potassium  and  starch.  The 
ozone  sets  free  the  iodine  and  gives  the  starch  a  deep-blue  color. 

General  Properties. — Ozone  is  active,  intensified  oxygen.  Like 
oxygen,  it  has  a  powerful  oxidizing  action.  It  is  about  half  as  heavy 
as  oxygen,  and,  at  a  temperature  of  290''  (Cent.),  is  changed  back  into 
ordinary  oxygen.     It  is  only  soluble  in  oil  of  turpentine. 

Ozone  exists  in  the  atmosphere  in  greater  or  less  quantity,  which  is 
believed  to  vary  with  the  atmospheric  conditions,  and  to  exert  a  definite 
and  powerful  influence  on  the  health,  although  precise  and  satisfactory 
demonstration  of  the  nature  and  extent  of  the  laws  of  this  influence  is 
yet  wanting. 

According  to  the  experiments  of  Prof.  Sch5tibein,  Messrs.  Martigucr, 
Marignac,  De  la  Rive,  Becquerel,  Fr6niy,  and  others,  it  would  appear 
that  ozone  is  only  a  peculiar  form  of  oxygen  produced  by  electricity — a 
change  analogous  to  that  which  the  solar  rays  bring  forth  in  chlorine — 
and  that  its  presence  in  certain  quantities  is  essential  to  health.  Ac- 
cording to  Dr.  Boeckel,  Prof.  Sch5nbein,  and  Dr.  Billiard,  the  presence 
of  cholera  or  malaria  is  attended  by  the  absence  of  ozone.f  It  is /ossi- 
Me  that  ozone  has  more  or  less  share  in  the  variarions  of  the  physical 
conditions  that  have  been  ascribed  to  changes  in  the  conditions  of  atmos- 
pheric electricity.  Ozone  is  found  to  be  especially  abundant  in  the 
atmosphere  after  a  thunder-storm.  It  is  "also  suiiposed  to  be  produced 
by  decay  and  the  growth  of  plants.  It  destroys  the  impurities  of  the 
air  miasms  by  producing  rxidation.     It  has  been  estimated  that  "a 

•  Lectures  on  Electricity  by  Henry  M.  Noad,  London,  1844,  p,  23a. 

f  On  the  InflucDcc  of  Vamtioos  of  Electric  Tension  as  the  remote  Cause  ol 
Epidemic  and  other  Diseases  By  Wm.  Craig,  1S64,  p.  434.  See  also  Conieliaa 
f  ox  on  Ozone  and  Antozoiie   for  a  rdsnmfr  of  what  is  known  of  this  sabject. 
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^rolume  of  air  containing  ^^ji^^  of  ozone  will  purify  540  volumes  of  pu- 
trid air."  In  the  arts  ozone  has  been  utilized  for  bleaching  and  disin. 
fee  ting. 

Physiological  and  Therapoitical  Effects  of  Ozone,— ^Y\\^  physiological 
effects  of  ozone  have  been  studied  both  on  man  and  on  animals.  It  if 
believed  that  the  bracing  and  inspiring  effect  of  a  clear,  crisp,  and 
sparkling  morning,  is  due  in  part  to  the  great  amount  of  ozone  in  the 
atmosphere.*  When  it  is  held  in  combination  with  oxygen  or  common 
a.ir,  it  acts  much  like  oxygen,  but  more  powerfully.  It  affects  the  pulse, 
the  respiration,  and  the  circulation,  in  various  ways,  according  to  the 
quantity  taken,  and  the  temperatnent  of  the  individual.  In  this  respect, 
it  behaves  like  electricity.  It  has  been  thought  that  ozone  is  formed 
in  the  body  from  the  contact  of  oxygen  gas  with  the  blood,  and  there 
are  those  who  believe  that  it  is  absorbed  with  the  oxygen  in  the  air,  and 
is  carried  into  the  blood,  where  it  takes  part  in  the  process  of  oxidation. 

There  is  a  possibility,  if  not  indeed  a  probability,  that  electricity,  in 
its  passage  through  the  body»  generates  ozone  in  very  minute  quantities, 
through  the  electrolytic  and  other  changes  that  it  produces,  and  the 
theory,  that  the  beneficial  effects  of  electrization  are  in  part  due  to  the 
ozone  thus  generated,  has  some  plausibility.  But  on  all  these  subjects 
very  little  is  known.  Experiments  made  in  the  laboratory  with  ozone, 
artificially  prepared,  are  highly  suggestive.  Catarrhal  symptoms  and 
attacks,  much  resembling  epidemic  influenza,  are  produced  by  long 
breathing  air  laden  with  ozone.  It  is  stated  that  it  would  be  difficult  Co 
-distinguish  between  the  symptoms  of  influenza  and  the  symptoms  of 
an  over-dose  of  ozone.  Elxperiments  on  animals  have  shown  that  irrita- 
tion of  the  mucous  lining  of  the  throat  and  nostrils,  with  febrile  symp- 
toms and  congestion  of  the  lungs,  may  be  quickly  excited  by  breathing 
air  containing  a  large  percentage  of  ozone.  If  animals  are,  for  a  long 
time,  subjected  to  ozone,  they  perish.  In  their  susceptibility  to  it, 
tiowever,  they  vary  vridely.  A  rabbit,  breathing  air  mingled  with  'gi^ 
of  its  weight  in  ozone,  has  died  in  two  hours.  Mice,  breathing  air  about* 
i^^f^  of  ozone,  have  died  immediately.  Rats  are  more  susceptible 
than  guinea-pigs,  and  guinea-pigs  are  more  susceptible  than  rabbits. 
Pigeons  are  quite  tolerant  of^zone,  and  frogs  are  proof  against  it,  pro- 
vided they  have  abundance  of  water.  Birds  are  rpecially  tolerant  of 
this  agent,  as  might  naturally  be  inferred,  since,  in  the  higher  strata  of 
the  air,  where  they  fly,  ozone  is  more  abundant  than  near  the  earth. 

I      A  convenient  apparatus  for  the  inhalation  of  ozonized  oxygen  is  thai 
*  Dr.  Baldwin  Am.  Jour.  Med.  Sciences^  Oct.,  1S74}  ghres  obtervattoM  that  o» 
^IMC  this  theory. 
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of  Sic  men's,  which  consists  of  a  glass  lube  lined  with  tm-foil  leaves  tha» 
are  cannected  with  the  current  from  a  powerful  helix,  and  sliglitty 
separated  from  each  other,  so  that  in  passing  frorn  one  to  the  other  the 
current  is  interrupted  with  sparks.  Through  this  tube  the  oxygen  passes 
from  an  iron  receiver,  and  ozone  is  developed  by  the  action  of  the 
current  at  its  interruptions.  By  this  apparatus  fifteen  per  cent,  of  the 
oxygen  may  be  converted  into  ozone.  A  glass  apartment  may  be  con- 
structed on  the  same  principle,  in  which  the  patient  may  sit  for  a  long 
time  and  slowly  breathe  in  a  natural  manner  the  difiiised  ozoni/ed 
oxygen. 

Dr.  C.  Lender,*  of  BerUn,  has  successfully  experimented  with  the  in- 
halation of  ozonized  oxygen  in  the  treatment  of  wounds,  and  has  found 
that  in  malaria  and  various  conditions  associated  with  impure  blood 
and  depraved  nutrition,  its  corrective  and  tonic  effects  are  vrry  decided 
111  this  countf)'  the  dierapeutic  effects  of  ozone  have  been  studied  by  Dr. 
Sass,  T'IkI  with  encouraging  results. 

Antozonc. — This,  like  ozone,  is  an  active  condition  of  oxygen,  and  is 
produced  in  the  same  way  and  at  the  same  time.  The  fact  that  such  a 
condition  as  Antozone  might  exist  was  suspected  bySchfinbcin  in  1858, 
and  its  properties  have  since  been  studied  by  Meissner,  in  1863  and 
1869. 

Hay  Fever — {Sunmer  Catarrh — Hose  Cold — Autumnal  Catarrk. — 
We  have  recently  made  extensive  researches  in  this  strange  disease* 
and  have  shown  that  the  nervous  system  has  more  to  do  with  it  than 
has  been  supposed.  We  liave  treated  two  cases  of  the  disease  dur- 
ing the  attack  by  external  galvanization.  In  one  case  considerable  and 
in  the  other  case  very  decided  rehef  was  obtained.  Dr.  W.  F.  Hutch- 
inson, of  Providence,  has  succeeded  not  only  in  relieving,  but  in  break- 
ing up  an  attack  by  central  galvanization. 

As  a  prophylactic  a  prolonged  course  of  general  faradization  or  cen- 
tral galvanization  is  recommended. 

Acute  Diseases — Fevers — Convalescence. — General  faradization  and 
central  galvanisation  might  be  used  in  acute  diseases  much  more  than 
they  have  been.  When  quinine,  iron,  etc,  are  used,  these  methods  of 
electrization  should  be  used  both  for  their  sedative  and  their  tonic 
eflfccts.     That  the  pulse  and  temperature,  when  abnormally  high,  can  be 

*  D*i  unrdne  Blut  and  seine  Reinigung  durch  negativ-electrischen  Sanerstoff 
(Own).  Also,  Sauerstoff  und  OzonsauerstofT,  nebst  ihrer  Anwendung  bei  Verwun- 
deten  nach  einem  im  Bcrlmer  Inhalatorium  gchaltcnen  Votragc.  Compare  also  Dr. 
A.  H.  Smith's  excellent  paper  oa  Oxygen  Gas  as  a  Remedy  in  Diiease.  New  Y«fk, 
1S70. 
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reduced  by  general  faradization  and  central  galvanization  we  baye 
abundantly  established  by  many  obscrvarions,  and  the  greater  tonic 
effects  of  these  methods  of  using  electricity  are  now  conceded  every- 
where. 

The  introduction  of  these  methods  to  the  treatment  of  acute  and  sub- 
acute diseases  offers  a  great  field  for  enterprising  genera!  practitioners. 

Dr.  Glax  treated  thirty  cases  of  typhoid  fever  by  galvanization  of 
the  cervical  sympathetic,  and  succeeded  in  reducing  the  temperature 
ftnd  diminishing  the  fever. 

In  toni^alescencf  fronti  any  acute  disease,  general  faradization  and  cen- 
tral galvanization  are  a  great  assistance,  and  have  been  considerably 
nied  for  that  purpose  by  ourselves  and  other  observers. 

Obeiity. — Obesity  has  been  treated  by  powerful  faraduation,  with  a 
view  to  produce  absorption  of  the  adipose  tissue,  and,  ii  is  claimed,  with 
some  success.     The  applications  are  directed  through  the  abdomen. 

Chronic  Alcoholism. — Without  attempting  to  consider  the  many 
symptoms  associated  with  akoholic  poisoning,  or  attempting  to  define 
the  i>ossible  pathological  changes  that  may  appear  in  the  membranes 
of  the  brain  and  spinal  cord,  we  would  here  simply  call  attention  to  a 
certain  impairment  of  motor  power  in  ihe  lower  extremities.  This  loss 
of  power  simulates  paraplegia,  but  as  a  rule  is  only  partial  or  incnni 
plete. 

It  is,  however,  sufficiently  distinctive  to  deserve  the  term  of  *' alco- 
holic paralysis,"  and  is  indicative  of  a  condition  more  rooted  and  severe 
than  the  familiar  general  muscular  and  nervous  debility  that  afflicts  the 
habitual  drinker.  While  in  many  cases  of  alcoholic  paraplegia  it  is 
evident  that  certain  pathological  peculiarities  must  exist,  such  as 
chronic  meningitis  of  the  cord,  on  the  one  hand,  and,  on  the  other, 
thickening  of  the  membranes  of  the  brain  and  spinal  cord,  together 
with  a  wasting  of  their  substance,  it  is  in  other  cases  as  certainly  evi- 
dent that  no  such  structural  change  is  present.  On  no  other  supposition 
can  we  account  for  the  rapidly  and  permanently  beneficial  effects  that 
so  frequently  follow  the  use  of  electrization  in  cases  of  alcoholic  para* 
plegia. 


ELECTRO-SURGERY. 


CHAPTER   L 


Electro-surgery  is  thai  branch  of  cUctro-therapeutics  which  includei 
the  electrical  treatment  of  the  diseases  commonly  known  as  surgical. 

Besides  the  four  medical  applications  of  electricity, — localized  fara^ 
dization,  localized  galvanization,  general  faradization,  and  central  gal* 
vanization— all  of  whfch  may  be  used  for  stirgical  diseases,  it  includei 
galvano-cattiery  and  electrolysis^  both  of  which  may  be  regarded  as  pe- 
culiar to  this  department 

History  of  Electro-Surgery, — The  history  of  surgical  electricity, 
though  to  a  considerable  degree  interwoven  with  the  history  of  electro- 
therapeutics in  general,  is  yet  sufficiently  distinct  to  entitle  it  to  special 
consideration. 

Electro-surgery  was  bom  in  one  of  the  darkest  eras  of  electro-thera 
pcutics,  the  decade  just  ]ireceding  the  great  discovery  of  induction  by 
Faraday,  in  1831.  The  distrust  and  neglect  with  which  at  this  period 
especially  electrotherapeutics  was  regarded  by  men  of  science  was  due 
partly  to  the  reaction  that  inevitably  followed  the  extravagant  hopes 
that  had  been  raised  on  the  discovery  and  popularization  of  the  voltaic 
pile  at  the  beginning  of  the  century  ;  partly  to  the  inconstancy  and  un- 
reUability  of  the  pile  itself,  partly  to  the  almost  absolute  ignorance  of 
the  profession  concerning  the  indications  for,  the  efifects  of,  or  the 
methods  of  using  electricity  ;  and  partly  also  to  the  fact  that  it  was  con- 
founded with  mesmerism,  which,  after  creating  absurd  and  wide-spread 
excitement,  had  fallen  into  deserved  and  permanent  neglect. 

It  was  in  the  middle  of  this  era,  in  the  year  1825,*  when  the  cause 
of  electro-therapeutics  seemed  hopelessly  lost,  that  Sarlandiere  f  called 
renewed  attention  to  this  despised  agent  by  proposing  the  employment 
of  electro-puncture^  in  order  to  bring  the  current  more  directly  to  beai 
on  the  deeper  tissues.  The  first  experiments  were  made  with  statical 
electricity. 

The  subject  was  afterwards  studied  by  Magendie,  who  used  electro- 

•  Two  years  previously  (1833)  Provost  and  DiimAs  hud  attempted,  with  some  suc- 
cess, the  dissolutuin  of  cftlcoJi  of  the  bladder  ia  ajaiauls ;  and  many  yean  befort 
•ome  surgical  diseases  had  t)eeii  treated  electrically,  hut  the  subject  was  not  systOMdr 
cally  studied  ontfl  1825. 

f  M^moires  sor  r^lectro-panctare,  Paris^  1835. 
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puncture  mth  ihe  galvanic  current  (galvano-puncture)  in  the  treatmeni 
of  various  diseases.  At  first  electro-puncture  was  used  medically  more 
than  surgically.  The  treatment  of  aneurisras  by  this  method  was  of  a 
later  date. 

The  idea  of  causing  coagulation  of  the  blood  by  galvano-puncture  wai 
originally  suggested  by  Scudamore,  and  in  1831  Gu&Tu-d,  Pravai,  and 
Leroy  d'EtiolIes  proposed  the  treatment  of  aneurism  by  this  method, 
which  was  first  practised  by  B.  Phillips,  about  the  year  1832,*  and  after- 
wards studied  by  Liston. 

In  1839  Schuster  successfully  employed  electro-puncture  for  the  treat- 
ment of  hydrocele  and  other  serous  effusions,  and  in  1843  ^^  reported 
his  successes  to  the  French  Academy. 

In  1839,  and  the  following  year  also,  Crussel,  whose  name  is  so 
prominent  a  figure  in  the  history  of  electro-surgery,  began  bis  investiga- 
tions on  electrolysis.!  His  experiments  excited  little  interest  in  the 
profession. 

Id  1S43,  ^^sOf  Steinheil  and  Heider  suggested  the  theory  that  the 
nerves  of  teeth  might  be  killed  by  placing  a  platinum  wire,  heated  by 
the  passage  of  a  galvanic  current,  in  the  cavity,  and  in  1845  Heider 
first  successfully  employed  this  method.  He  used  for  this  purpose 
one  very  large  element  of  Grove.  The  operation  took  but  a  few 
seconds. 

In  1846,  Crussel,  whose  name,  as  we  have  seen,  is  also  to  be  remem- 
bered as  the  founder  of  electrolytic  treatment,  successfully  removed  by 
the  heated  platinum  wire  a  "  large  fungus  haeraatodes,  situated  in  the 
frontal  and  ocular  region." 

In  the  same  year  Petr^quin,  of  Lyons,  obtained  successful  results  in 
the  treatracnt  of  aneurisras  by  galvano-puncture.  The  year  1S46  may 
therefore  be  regarded  as  one  of  special  significance  in  the  history  of 
electro-surgery.  About  this  time  also,  the  same  treatment  was  used  by 
Burci,  of  Italy. 

In  1847  Bertani  and  Milani  first  treated  varicose  veins  by  galvano- 
puncture.  In  the  same  year  Crussel  published  his  method  of  treating 
ulcers  by  availing  himself  of  the  electrolytic  powers  of  the  galvanic  cur« 

*  Ericbsen'i  Surgery,  p.  513. 

f  Frommhold,  Electrotliermpie  out  besonderer  Riicluicfat  aoT  Nervea-Krankbeiten, 
Pest,  1S65,  p.  104. 

The  first  experiments  with  electrolysis  were  made  much  earlier  than  this ;  since^ 
according  to  Brenner,  Mongiardini  and  Laado  had  used  a  needle-shaped  electrode^ 
connected  with  the  negative  pole  (probably  of  m  voltaic  pile,  which  was  then  just  oo>m« 
Big  into  notice},  for  the  treatment  of  gangrene.  DeW  ap^kaaiont  dtt  Gahfomitwm 
alia  mtdicina^  Genov<ty  1803. 
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rent  This  author  observed  that  whea  two  metalHc  plates  ate  con- 
nected with  the  poles  of  a  galvanic  apparatus,  and  applied  to  the  body, 
very  difTerent  effects  were  produced  at  the  two  poles — the  positive  act- 
ing like  an  acid,  and  making  harder  the  tissue ;  the  negative  like  an 
alkali,  and  causing  an  increase  of  tluid.  On  the  strength  of  this  ob- 
servation, Crussel  treated  ulcers  and  cancers  by  a  flow  connected  with 
the  positive  pole  of  the  apparatus,  while  the  negative  was  in  the  hand 
of  the  patient.  The  result  of  this  treatment  was  to  cause  a  scab  to 
form,  which  fell  off,  leaving  the  sore  smaller  and  more  healthful  in  ap- 
pearance.    Repeated  treatment  of  this  kind  wrought  cures. 

In  the  same  and  the  following  year,  Cmssel  formally  called  the  at- 
tention of  the  profession  to  "the  electrolytic  method  of  cure."  ♦  For 
the  treatment  of  strictures  another  method  was  subsequently  inves- 
tigated by  Willebrand,  Wells,  Cintselli,  and  has  recently  been  revised 
by  Scouteten,  Mallez,  Tripier,  and  others.  In  1850  Marshall  sug- 
gested and  successfully  employed  the  galvano-cautery  in  the  treatment 
offistuL-e. 

In  1852  Baumgarten  and  Wertheimer,  with  the  co-operation  of  Mal- 
gaigne,  successfully  operated  on  an  aggravated  case  of  varicose  veins  in 
the  arm. 

In  1852,  also,  CinisclU,f  who  still  cultivates  with  distinguished  suc- 
cess the  department  of  electrolysis,  first  established  by  experiment  that 
the  alkalies  appear  at  the  negative^  and  the  acids  at  the  posiiive  pole. 
His  method  of  demonstration  was  to  lay  a  piece  of  flesh  across  the 
edges  of  two  vessels  filled  with  distilled  water,  and  alternately  con- 
necting each  of  the  vessels  with  a  pole.  The  acids  were  found  m 
the  vessel  containing  the  positive  pole,  and  the  alkalies  in  the  ves- 
sel containing  the  neg&dve.  The  piece  of  flesh  was  shrunken  and 
bumed.J 

In  1853  Ellis  first  used  the  heated  platinum  wire  for  cauterization 
of  the  cervix  in  inflammations  and  ulcerations.  In  this  same  year 
Hall  sucessfiiUy  treated  a  case  of  ununited  fracture  by  galvano  punc- 
ture. 

A  great  and  imj^ortant  impulse  was  given  to  galvano-cautery  by 
Middeldorpff.  who,  in  1854,  poblished  his  celebrated  work  on  the  subject.  | 


•  Die  EJectrolytische  Heilmethodc.     Neue  Med.-Chir.   Zdtung,    1847,    No.   7. 
ICed  Zeitung  Russlands,  1847  ^^  i^^-     Quoted  by  Meyer,  opi  cit.,  p.  474. 

f  Deir  uione  chimica,  dell'  electricita,  Cremona,  185a. 

X  Brenner,  Untersachungen  und  Beobachtungen  ftttf  dem  Gcbid*  der  EldctTOllwt- 
tpie,  Bd.  iL,  p.  S65. 

I  TbeGalvMio-CaatJcv  BresUn,  1854. 
4» 
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In  1855  Deraarquay  removed  a  swelling  of  the  submaxillary  gland 
by  galvano  puncture.  In  the  same  year,  Vergn^s  and  Pocy  published 
their  experiments  on  the  removal  of  poisonous  metals  from  the  body  by 
the  electro-chemical  bath. 

In  1856  Boulu  caused  resolution  of  titraors  in  a  number  of  cases  by 
roagneto-electricity,  applied  by  means  of  metallic  disks.  Two  cases  of 
swelling  of  the  parotid  gland  were  in  this  way  entirely  cured.  In  the 
same  year  Meding  extracted  mercury  from  a  patient  who  had  long 
suffered  from  mercurial  poisoning,  by  means  of  the  electro-chemical 
bath. 

In  1858  and  1859  Zsigmondi  published  the  result  of  his  successful 
experience  with  galvano-cautery  after  the  system  of  Middeldorpfil  In 
1859,  also,  Delstanche,  Lehmann,  Burdel,  and  Thevisscu  reported  suc- 
resses  in  the  treatment  of  hydrocele  hy  farado-puncture. 

In  186 1  Braun  and  Von  Gruenewald  introduced  the  galvano-cautery 
into  gynaecology,  where  it  has  since  been  employed  for  the  removal  of 
polypi,  excision  of  the  cervix,  and  so  forth. 

Bolh  in  the  extent  and  the  variety  of  his  operations  in  this  depart- 
ment Middeldorpff  far  surpassed  all  his  predecessors.  He  devised  a 
powerful,  though  somewhat  bulky  apparatus,  as  well  as  various  burners 
and  loops  for  operating  on  different  parts  and  organs  of  the  body. 

In  1867  Althaus  *  revived  the  attention  of  surgeons  to  the  surgical 
powers  of  electricity,  by  reports  of  successful  experiments  in  the  treat- 
ment of  nsevi  and  tumors  of  various  kinds  by  electrolyzation. 

During  the  past  five  years  extensive  researches  have  been  made  in 
nearly  all  the  prominent  departments  of  Electro-Surgery  by  the  authors 
of  the  present  treatise,  f  The  results  of  the  researches  are  recorded  in 
this  section-  Experiments  made  in  those  departments  of  Electro- Phy- 
siology bearing  on  Electro-Surgery  have  already  been  recorded  in  the 
section  on  Electro-Physiology.  During  the  same  period  the  various 
departments  of  Electro-Surgery  have  been  studied  by  Althaus,  Von 
Bruns,  Byrne,  Groh,  Neftel,  Duncan,  Newman,  Voltolini,  Caldwell, 
Prince,  ourselves  f  and  others. 

Surgical  compared  with  Medical  Electricity. — In  comparing  this  his- 
tory of  surgical  with  that  of  medical  electricity,  we  observe  a  number 
of  interesting  poirts  both  of  similarity  and  of  contrast.  Surgical  is 
much  younger  than  medical  electricity,  dating,  as  we  have  seen,  from 
1825.  In  neither  department  has  the  progress  been  uniform  or  consistenL 

*  Tumors  &nd  other  Sorgical  Diseases.     1867. 

f  Clinical  Researches  in  Etectro-Surgery.     By  A.  D.  Rockwell,  A.M.,  M.D.,  1 
Geof^  M.  Beard,  AM.,  M.D.     William  Wood  &  Co.     1873. 
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Eras  of  extravagant  expectation  have  been  followed  by  eras  of  indif- 
ference, although  with  surgical  electricity  the  contrast  has  been  much 
less  marked  than  with  medical.  The  interest  that  was  aroused  by 
the  introduction  of  electro-puncture  in  1825,  of  electrolysis  and  gaU 
vano  cautery  in  1846-47,  was  followed  by  a  reaction  of  neglect  that 
allowed  the  whole  subject  to  sink  into  nearly  absolute  forgetfulness. 
The  progress  of  surgical  even  more  than  of  medical  electricity  has  been 
impeded  by  want  of  convenient  and  reliable  apparatus,  and  by  this  dif- 
ficulty is  explained  the  fact  that  so  few  workers  have  entered  this  most 
promising  field.  While  the  number  of  experimenters  in  medical  elec- 
tricity, both  in  tlie  profession  and  out  of  it,  and  in  various  countries,  if 
very  large,  including  very  many  of  the  ablest  writers  of  modern  medical 
literature,  the  practice  of  distinctly  surgical  electricity  has  been  con- 
fmed  to  a  few,  and  the  authors  by  whom  it  has  been  really  advanced 
could  be  counted  on  one's  fingers. 

Surgical,  unlike  medical  electricity,  has  been  studied  and  pursued 
mainly  by  men  of  science,  and  the  progress  that  has  been  made  in  it 
has  been  much  more  frequently  the  direct  result  of  scientific  observa^ 
tion  and  experiment.  Those  physicians  who  have  made  eras  in  medi- 
cal electricity  have  done  so  by  improving,  developing,  systematizing, 
and  introducing  to  the  profession  methods  of  treatment  which  either  by 
charlatans  or  others  had  been  substanriatly  known  and  practised  before 
them.  Sarlandiere,  Stenheil,  Heider,  and  Crussel,  on  the  contrary, 
first  suggested  and  employed  as  well  as  introduced  to  the  profession 
electro-puncture,  galvano  cautery,  and  electrolysis. 

Another  important  distinction  is  this,  that  nearly  all  the  surgical  dis- 
eases for  which  electricity  is  employed  have  been  treated  with  more  or 
less  success  by  other  methods,  while  in  many  of  ih.-  medical  diseases  in 
which  electrization  has  been  most  successful  it  has  been  the  chief,  and 
in  some  the  only  dependence. 

Finally,  it  should  not  be  forgotten  that  the  surgical  successes 
achieved  by  electricity  have  been  of  great  service  to  electro-therapeu- 
tics in  general.  A  surgical  oi>eration  appeals  to  the  eye  and  to 
mechanical  skill,  while  medicine  appeals  more  to  the  higher  and  rarer 
quahties  of  reason  and  imagination.  Many  who  fail  to  comprehend  a 
complex  medical  fact  or  principle  may  be  fascinated  and  carried  to  en- 
thusiasm by  whatever  strikes  the  senses.  Hence  we  find  that  the  sug- 
gestion of  electro-puncture  in  1825  revived  an  interest  in  electricity 
that  its  purely  medical  applications  failed  to  sustain,  and  from  that 
time  to  the  present  the  fortmnate  operations  of  galvano-cautery  and 
electrolysis  have  aroused  the  attention  of  many  who  had  no  iaith  in 
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and  no  comprehension  of  the  remarkable  powers  of  electrid^  ova 

nutrition. 

Temperament  of  the  Patient  less  important  in  Surgical  than  in  Afedi- 

cal  Electricity. — In  medical  electricity,  as  we  have  seen,  the  results  of 
treatment  largely  depend  on  the  temperament.  Some  can  bear  almost 
any  amount  of  electrical  treatment,  others  can  bear  but  a.  little,  and 
others  still  can  bear  none  at  all  (see  p.  254).  We  have  seen  in  the 
chapter  on  Hysteria  and  allied  Affections  that  symptoms  for  which 
electricity  is  peculiarly  adapted,  and  over  which  its  greatest  victories  are 
obtained,  sometimes  refuse  to  yield  and  are  indeed  aggravated  when  any 
form  of  electricity  is  used  by  any  mode  of  application,  for  the  reason 
that  the  timperament  of  the  patient  contra-indicates  electricity.  Tem- 
peraments that  will  not  bear  electricity  at  all  or  but  little  are  quite 
frequently  found,  especially  among  the  better  classes.  In  surgical  dis- 
eases that  are  treated  by  distinctively  surgical  apphcations  of  electrici- 
ty the  temperament  need  not  usually  be  taken  into  account.  Electro- 
surgical  operations  are  of  a  thermal  or  chemical  character,  and  are  not 
dependent  for  their  success  on  the  idiosyncrasy  of  the  patient  Wc 
have  seen,  ftirthemiore,  that  the  electro-susceptibility  of  patients  may 
appear  either  in  the  form  of  farado-susceptibility  or  galvano-susceptu 
hility — some  who  can  bear  and  be  benefited  by  the  faradic  current, 
cannot  bear  die  galvanic,  and  vice  versa.  In  electro-surgical  operariont ' 
the  possibility  of  these  special  idiosyncrasies  need  not  be  considered. 
It  is  true  that  patients  behave  very  differently  after  electro-surgical 
operations,  that  some  suffer  from  irritative  fever  and  others  do  not, 
and  these  differences  of  effect  may  very  likely  be  due  to  diffcrcncei 
of  electro-susceptibility,  but  such  differences  are  rot  usually  of  sufli 
<iently  serious  importance  to  require  consideration. 
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The  definition  and  derivation  of  electrolysis,  as  well  as  its  general 
laws  and  phenomena,  have  already  been  given  (see  Electro- Physics^ 
Chapter  IV.).  Its  physiological  relations  have  also  been  presented  in 
considerable  detail  (see  Electro- Physiology,  p.  91).  It  remains  for 
us  here  to  speak  only  of  electrolysis  in  its  surgical  relations,  and  to 
describe  the  rules  and  methods  of  the  various  operations  in  which  it  has 
been  found  of  service.  Electrolysis  in  surgery  is,  however,  so  closely 
dependent  on  electrolysis  in  physics  and  physiology,  that  no  one  can 
intelligently  utilize  and  explain  it  in  operative  procedures  who  does 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  decomposition 
by  electricity.  As  such  it  applies  to  the  electrical  decomposition  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  whether  in 
health  or  in  disease,  lixnng  or  dead.  Practically,  however,  the  term  is 
now  pretty  well  restricted,  in  electro-therapeutical  language,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  parts  affected  by 
chronic  inflammation,  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  electrolytic  action  takes  place  in  all  applications 
of  the  galvanic  current  externally  or  internally,  yet  the  tenn,  when  ap- 
plied to  any  electrical  operation,  is  understood  to  imply  that  electro- 
lytic  action  was  the  leading  effect  sought  for,  and  that  it  was  obtained 
by  needles,  or  at  least  by  some  form  of  metallic  electrode  more  or  less 
pointed  at  the  extremity. 

On  the  other  hand,  when  electrodes  with  very  large  surface  are  used» 
with  a  view  to  chemical  effect,  and  the  transfer  of  fldids  with  absorption, 
the  process  is  called  (atalysis.  Catalysis  depends  in  part,  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms,  which  has  been  ob- 
served by  electro-therapeutists  is  practical  rather  than  scientific 

Theory  of  Electrolysis  of  Morbid  Living  Tissue. — For  electrolysis, 
living  as  compared  with  dead  tissue  has  the  twofold  advantage  that  its 
solutions  are  warmer  and  therefore  better  conductors,  and  that  it  is 
capable  of  the  processes  of  absorption. 
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and  no  comprehension  of  the  remarkable  powers  of  electricity  Oftk 
nutrition. 

Temperament  of  the  Patient  less  important  in  Surgical  than  in  Medi- 
cal Electricity. — In  medical  electricity,  as  we  have  seen,  the  results  of 
treatment  largely  depend  on  tlie  temperament  Some  can  bear  almost 
any  amount  of  electncaJ  treatment,  otliers  can  bear  but  \  little,  and 
others  still  can  bear  none  at  all  (see  p.  254).  We  have  seen  in  the 
chapter  on  Hysteria  and  allied  Affections  that  symptDms  for  which 
electricity  is  peculiarly  adapted,  and  over  which  its  greatest  victories  are 
obtained,  sometimes  refuse  to  yield  and  are  indeed  aggravated  when  any 
form  of  electricity  is  used  by  any  mode  of  application,  for  the  reason 
that  the  temperament  of  the  patient  contra-indicates  electricity.  Tem- 
peraments that  will  not  bear  electricity  at  all  or  but  little  are  quite 
frequently  found,  especially  among  the  better  classes.  In  surgical  dis- 
eases that  are  treated  by  distinctively  surgical  applications  of  electrici- 
ty the  temperament  need  not  usually  be  taken  into  account.  Electro- 
surgical  operations  are  of  a  thermal  or  chemical  character,  and  are  not 
dependent  for  their  success  on  the  idiosyncrasy  of  the  patient.  Wc 
have  seen,  furthermore,  that  the  electro-susceptibility  of  patients  may 
appear  either  in  the  form  of  farado-smceptibility  or  galvanosuscepti' 
bility — some  who  can  bear  and  be  benefited  by  the  faradic  current, 
cannot  bear  the  galvanic,  and  vice  versa.  In  electro-surgical  operationf* 
the  possibility  of  these  special  idiosyncrasies  need  not  be  considered. 
It  is  true  that  patients  behave  very  differently  after  electro-surgical 
operations,  that  some  suffer  from  irritative  fever  and  others  do  not» 
and  these  differences  of  effect  may  very  likely  be  due  to  differencet 
of  electro-susceptibility,  but  such  differences  are  rot  usually  of  suffi 
ciently  serious  importance  to  require  consideration. 
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The  definirion  and  derivation  of  electrolysis,  as  well  as  its  general 
laws  and  phenomena,  have  already  been  given  (see  Electro- Physics, 
Chapter  IV.).  Its  physiological  relations  have  also  been  presented  in 
considerable  detail  {sec  Electro-Physiology,  p.  91).  It  remains  for 
us  here  to  speak  only  of  electrolysis  in  its  surgical  relations,  and  to 
describe  the  rules  and  methods  of  the  various  operations  in  which  it  has 
been  found  of  service.  Electrolysis  in  surgery  is,  however,  so  closely 
dependent  on  electrolysis  in  physics  and  ph)'siology,  that  no  one  can 
intelligently  utilize  and  explain  it  in  operative  procedures  who  does 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  decomposition 
by  electricity.  As  such  it  applies  to  the  electrical  decomposition  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  whether  in 
health  or  in  disease,  living  or  dead.  Practically,  however,  the  term  is 
now  pretty  well  restricted,  in  electro  therapeutical  language,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  parts  affected  by 
chronic  inflammation,  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  electrolytic  action  takes  place  in  all  applications 
of  the  galvanic  current  externally  or  internally,  yet  the  term,  when  ap- 
plied to  any  electrical  operation,  is  understood  to  imply  that  electro- 
lytic action  was  the  leading  effect  sought  for,  and  that  it  was  obtained 
by  needles,  or  at  least  by  some  form  of  metallic  electrode  more  or  less 
pointed  at  the  extremity. 

On  the  other  hand,  when  electrodes  with  very  large  surface  are  used, 
with  a  view  to  chemical  effect,  and  the  transfer  of  fliiids  with  absorption, 
the  process  is  called  c<Ualysis.  Catalysis  depends  in  part,  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms,  which  has  been  ob- 
served by  electro-therapeutists  is  practical  rather  than  scientific. 

Theory  of  EUttrchsis  of  Morbid  Living  Tissue. — For  electrolysis, 
living  as  compared  with  dead  tissue  has  the  twofold  advantage  that  its 
solutions  are  warmer  and  therefore  better  conductors,  and  that  it  it 
capable  of  the  processes  of  absorption. 
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When  needles  connected  with  the  poles  of  a  galvanic  battery  ar» 
inserted  into  a  tumor,  a  threefold  action  is  produced 

1.  Decomposition  of  its  Jluid  Constituents. — Hydrogen  and  alkalies, 
soda,  potassa,  etc.,  go  to  the  negative,  and  oxygen  and  acids  to  the 
positive.  The  special  character  of  these  electrolytic  phenomena  will 
depend  on  the  character  of  the  tumor,  and  the  rapidity  of  the  action 
will  be  proportioned  to  the  relative  amount  of  its  fluid  constituents.  As 
the  body  is  mostly  composed  of  water  holding  salts  o{  potash,  soda,  etc, 
in  solution,  it  is  a  good  electrolyte,  and  in  most  of  the  conditions  of  dis 
case  undergoes  rapid  decomposition.  Scirrhus  and  fibroids,  when  hard 
and  firm,  require  considerable  strength  of  current,  and  are  electrolyzed 
with  comparative  slowness.  Erectile  tumors,  which  are  almost  entirely 
of  fluid  composition,  can  be  electrolyzed  very  rapidly.  Although  elec- 
trolytic action  takes  place  at  both  poles  when  inserted  in  tumors,  as 
when  inserted  in  inorganic  substances,  yet  this  action  on  the  whole  ap- 
pears to  be  the  more  vigorous  and  more  effective  for  causing  absorption 
and  disintegration  at  the  negative  pole,  and  in  practice  tliis  pole  is 
usually  found  to  be  the  more  efficacious,  although  successful  results  are 
obtained  by  the  positive  pole  or  by  both  combined.  Epithelioma, 
being  largely  composed  of  water,  also  decompose  rapidly. 

Reasoning  from  what  we  know  of  the  electrolysis  of  inorganic  sub- 
stanceSj  it  is  proper  to  assume  that  in  the  electrolysis  of  a  malignant 
timior,  for  example,  the  many  chemical  substances  of  which  it  is  com- 
posed undergo  manifold  combinations  and  recombinations,  the  precise 
nature  of  which  cannot  well  be  fully  divined,  and  the  practical  eflfect 
of  which  in  causing  discussion  of  the  tumor  can  only  be  determined  by 
extended  clinical  experience. 

2.  Absorption. — Absorption  may  be  hastened  both  by  the  chemical 
changes  that  take  place,  and  also  by  the  mechanically  irritating  effect 
of  the  needles  and  the  transference  of  the  anions  and  cations.  This 
absorption  takes  place  both  during  and  after  the  treatment  In  some 
cases  it  is  not  at  all  observed  during  the  operation,  but  goes  on  slowly 
for  weeks  following.  Stimulation  of  absorption  is  especially  marked 
when  electricity  acts  on  hydrocele  and  cystic  tumors. 

3.  Disintegration  and  Atrophy. — As  a  result  of  the  decomposition 
ind  absorption,  and  associated  with  tliem,  the  tissues  become  dried, 
separated,  shrivelled,  and  the  tumor  decreases  in  bulk  and  may  entirely 
disappear.  All  these  processes,  or  rather  the  effects  of  these  processes, 
may  be  distinctly  observed  during  the  electrolysis  of  any  small  wen, 
mole,  naevus,  or  wart,  both  during  and  after  the  operation.  Shortly 
%fter  the  needle  is  inserted,  the  growth  will  be  seen  to  change  in  color; 
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the  skin  sood  begins  to  shrivel  and  contract,  like  an  apple  when  it  ia 
baking.  The  next  day  the  growth  will  be  still  smaUer,  and  perhaps 
nearly  or  entirely  obliterated 

Apparatus  for  EUctrolysis, — Electrolytic  action  is  chiefly  obtained 
by  the  galvanic  currenty  although  there  is  little  question  that  the  faradic 
current  (both  the  electro-magnetic  and  magneto- electric)  has  more  01 
less  electrolytic  power,  and  the  raagneto-elcctric  current  has  been  used 
in  electro-plating. 

The  magneto-electric  rotary  machine,  as  constructed  by  Saxton  or 
Stohrer,  is  capable  of  producing  electrolysis.*  1 1  has,  however,  foi 
this  puq)0&e,  in  therapeutics  at  least,  no  advantage,  and  decided  disad- 
vantages as  compared  with  the  galvanic  current. 

//  has  been  shown  thai  for  tht  purposes  of  galvano-cautery  quantity 
with  moderate  tension  was  required^  and  that  this  was  obtained  by  a 
few  large  elements  ;  for  the  purposes  of  electrolysis  tension  with  mod' 
crate  or  fair  quantity  is  required,  such  as  is  obtained  by  a  considerable 
number  of  elements  of  medium  size  (see  chapter  on  Ohm's  Law  in 
Electro- Physics,  p.  66). 

Any  of  the  galvanic  batteries  described  in  the  chapter  on  apparatus, 
can  be  used  for  electrolysis.  The  zinc-carbon  batteries  are  the  best 
for  the  purposes  of  electrolysis,  but  with  the  cabinet  battery  and  with 
most  of  the  combinations  and  modifications  of  Danieirs  cells,  the  elec- 
troljtic  action  is  comparatively  feeble,  and  only  answers  for  trifling  oper- 
ations. Deficiency  in  electrolytic  power  in  a  battery  may  to  a  certain 
extent  be  compensated  by  protracted  applications. 

Methods  of  Testing  the  Electrolytic  Batteries, — Batteries  may  be  ap- 
proximately tested  with  a  view  to  ascertaining  their  comparative  advan- 
tages for  electrolytic  operation,  by  the  amount  of  deflection  they  cause 
to  the  needle  of  the  galvanometer  of  known  construction  (p.  40) ;  by 
the  rapidity  and  amount  of  decomposition  which  they  cause  in  simple 
comp'unds,  such  as  acidulated  water,  iodide  of  potassium,  or  common 
salt,  and  by  their  capacity  for  heating  platinum  wire  (p.  71). 

An  approximate  test  for  the  qualities  that  are  needed  in  electrolytic 
operations  is  found  in  the  decomposition  of  iodide  of  potassium.  The 
rapidity  with  which  this  yields  to  the  current  of  a  battery,  and  the 
amount  of  iodine  evolved  in  a  given  time,  very  fairly  indicates  the 
capacity  of  that  battery  for  electrolytic  purposes.f 

•  Sec  Frommhold's  Electrotherapie  mil  besooderer  RUcksicht  aof  Nerven-Knak* 
bciteo.    Pest,  1&65,  p.  104. 

f  In  expenmcnting  with  ^Ivanic  batteries  care  must  be  taken  to  avoid  Sequent  cm 
fong-coniinued  cormectioa  of  the  metalUc  porticos  of  ibc  electrodes,  since,  on  account 
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K^edUs. — For  producing  electrolysis  in  tissues  beneath  the  skio 
nne  needles  of  gold  or  gilded  steel  are  used.  The  advantage  of  the 
gold  is  that  it  resists  oxidation  better  than  any  other  nietaL  Gold 
or  gilded  needles  can,  however,  be  used  only  with  the  negative  pole, 
since  with  the  positive  they  would  be  acted  on.  The  conductors 
may  be  composed  of  two,  four,  six,  eight,  or  more  needles.  The 
needles  may  be  insulated  witli  hard  rubber,  or  collodion,  or  shellac, 
for  about  one-third  of  their  length,  so  that  when  introduced  into  a 
tumor  the  skin  may  not  be  acted  on  and  inflammation  excited.  In- 
sylation,  however,  is  only  necessary  in  those  cases  where,  as  in  sub- 
cutaneous naevi,  it  is  desirable  that  the  skin  should  not  be  affected 
by  the  current. 

The  shape   of  the   point  is   of  considerable   importance.      Round  < 
needles  are  introduced  with  difficulty.     The  bayonet-pointed  needle* 
are  preferable.     The  common  glover's  needle,  as  sold  in   the  fancy 
stores,  we   have  found   to  be  easier  of  introduction   than   any  other 
form. 

Althaus  has  employed  a  conductor^  a  modification  of  which  is  repre- 
tented  in  the  following  cut : 


Pic.  137. 
Cfmdactor  for  Electrolysis 

This  consists  of  a  conducting  wire,  composed  of  a  number  of  small 
wires  twisted,  with  a  number  of  branches,  each  one  of  which  is  so 
arranged  that  it  can  be  attached  to  a  needle  after  it  has  been  introduced 
into  the  part  to  be  treated- 

The  advantages  of  this  arrangement  are  that  one  needle  or  more 
can  be  used,  and  that  the  number  can  at  pleasure  be  increased  01 
diminished  during  the  operation,  and  that  the   needles  can  be  intro- 

of  the  feeble  resistance  thus  offered^metals  being  far  better  conductors  than  the  hu* 
man  body — powerful  action  takes  place  in  the  cells  (as  is  shown  by  the  active  evolu- 
tion of  gases,  attended  with  n  boiling  or  hissing  sound),  which.  If  allowed  to  continue, 
tati  holts  in  and  rapidly  Ci-Hiumts  the  iinc. 


I 
I 


NEEDLES  FOR  ELECTROLYSIS. 


«5 


duced  in  any  direction.  In  the  conductor  which  we  have  constructed, 
and  which  is  represented  in  the  cut  (Fig.  137),  the  needles  are  united 
to  the  conducting  wires  by  being  inserted  in  miniature  cups  or  cavities 
at  the  end  of  the  wires. 


Fig.  13S. 
Bajooet'pobtcd  Needles  for  Electrolyiis, 
fMskted  and  noniasolated  (KJdder). 


RockweU't  Long  NenUt 
for  Electrolyais  of  Utems 
through  the  Vagina  or  tb« 
WaUsoftbcAbdofDco. 


Fig.  140. 
NeedlM  for  Electrolysis,  witli 
wcU's  NeedlcHoIdenv 


.  JG.   141. 

Beard's  Long  Cutting  NeecBes  for 
Rock-  Elect rolysi*  of  the  Base 

(Tiemann  and  Galvano-Faradic  Mfg.  Co.| 


purposes  of  connection,  and  when  thumb-screws  are  out  of  order  01 
broken  off  it  very  well  supplies  their  place. 

Dr.  Murray,  of  this  city,  has  employed  needles  insulated  at  both 
ends,  leaving  an  uninsulated  portion  in  the  ntiddle.  He  uses  these 
acedies  in  the  treatment  of  hydrocele  and  cjstic  tumors.     They  arc 


ELECTROLYSIS   OF  THE   BASE. 


667 


mtroduced  so  that  the  insulated  portion  is  on  the  skin,  and  the  unin- 
sulated portion  within  the  tumor. 

Method  of  Introducing  the  Needles- — The  skin  in  some  parts  o\ 
the  body  is  quite  tough,  and  needles  go  in  with  much  greater  diffi- 
culty than  one  might  suppose.  The  method  of  introducing  a  hypo- 
dermic syringe  is  the  best  method  of  introducing  needles  for  electro- 
lysis. The  skin  may  be  pinched  up  and  kept  tense  with  the  left 
hand,  while  the  right  pushes  in  the  needles  the  required  depth.  If 
it  is  impossible  or  merely  difficult  to  push  the  needles  in  as  far  as  is 
needed,  it  is  better  to  let  on  the  current,  and  allow  a  little  electro- 
lytic action  to  take  place  around  the  needle.  This  will  loosen  it  at 
the  negative  pole  (though  at  the  positive  it  will  have  the  opposite 
effect,  and  bind  it  close  and  firm).  The  negative  needle  thus  loosened 
can  easily  be  pushed  further  in. 

The  pain  attendant  on  the  introduction  of  the  needles  is^  of  course, 
best  combated  by  fuO  aosesthcsia  or  by  ether  spray ;  but  there  are 
many  cases  where  anaesthetics  are  hardly  required,  where  ether  spray 
cannot  be  conveniently  used,  and  where  it  is  desirable  to  diminish  in 
some  way  the  pain.  A  mixture  of  ether  and  carbolic  acid  in  equal  parts, 
first  suggested  to  us  by  Dr.  Sterling,  has  a  positively  benumbing  effect 
on  the  part  to  which  it  is  applied.  The  mixfure  can  be  localized 
to  a  very  small  spot,  and  the  benumbing  effect  begins  to  be  felt  in  less 
than  five  minutes,  and  lasts  for  fifteen  or  twenty  minutes,  var^-ing  with 
the  amount  used.  It  turns  the  skin  a  little  white.  The  disadvan- 
tage in  its  use  is  that  it  sometimes  makes  a  slight  sore  afterward. 

The  benumbing  influence  of  the  faradic  current  may  be  utilized  for 
this  purpose  (see  Electro-Anaesthesia). 

Electrolysing  the  Base, — During  the  past  three  years  we  have  been 
creating  malignant  tumors  of  various  kinds  by  a  method  of  electrolysis 
which  Dr.  Beard  has  termed  working  up  the  base^  or  electrolysis  of  tfu 
base. 

The  ordinar)'  method  of  electrolysis  does  not  suffice  for  malignant 
tumors.  It  will  relieve  the  pain,  but  relief  of  pain  can  be  obtained  by 
simple  external  galvanization  without  any  needles.  It  will  cause  a 
certain  reduction  in  size,  but  this  reduction  is  almost  always  limited, 
rarely  exceeding  ten  or  twenty-five  per  cent  In  some  cases,  not  the 
slightest  perceptible  reduction  is  caused,  even  by  the  most  persevering 
use  of  electrolysis.  When  powerful  currents  are  used,  there  must,  of 
course,  result  more  or  less  destruction  of  tissue  near  the  point  where 
the  needles  are  inserted,  and  by  successive  operations  the  entire  growth 
may  be  broken  down,  or  may  slough  away  after  the  operations  are  di» 
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continued,  and  it  is  possible  to  extend  the  operations  far  into  the  base 
and  surroirnding  tissues.  Some  of  our  first  cases  were  treated  in  this 
way  ;  but  it  is  to  the  last  degree  awkward,  tedious,  and  involves  a  great 
waste  of  time  and  force.  ■ 

Method  of  Operating  by  Electrolysis  of  the  Base, — The  patient  roust  ^ 
first  be  fully  etherized.  The  method  of  operating  on  a  small  tumor  is 
to  first  insert  the  needle  connected  with  the  positive  pole  underneath 
the  tumor  and  near  the  border.  A  similar  needle  connected  with  the 
negative  pole  is  inserted  also  underneath  the  tumor,  and,  if  possible,  at 
some  distance  below  the  base  of  the  growth,  so  that  the  point  emerges 
on  the  opposite  side.  The  current  is  now  gradually  let  on,  and  the 
strength  increased  until  the  electrolysis  becomes  active,  as  will  be  in. 
dicated  by  the  yellowish  foam  that  appears  at  the  negative  pole,  gradu- 
ally loosening  the  needle.  As  the  action  increases,  the  negative 
pole  may  be  slowly  worked  from  side  to  side,  with  a  slight  cutting  mo- 
tion, so  as  to  undermine  the  tumor.  The  positive  meanwhile  remains 
in  situ  ;  it  becomes  firmly  adherent  through  oxidatioii,  and  need  not 
be  removed  until  the  close  of  the  operation. 


Electrolyas  of  the  base  in  ft  case  of  sdrrhns  of  tbe  breast      Lj^ige  uid  loa^  ] 
tive  needle  manipulaled  by  the  operator  in  the  healthy  tissue,  some  distance  frvja  I 
border  of  the  tumor.     Connection  made  by  ordinary  positive  needle  inserted  ncsr  Ckt 
base  of  the  tumoi. 


After  the  tumor  falls  off,  through  the  undermining  of  its  base,  Ibe 
base  itself  can  be  worked  up  in  all  directions  with  the  needles,  or 
with  the  harrow  electrode  that  we  have  devised  for  this  purpose. 
After  the  removal  of  the  growth,  it  is  well  to  change  the  position  of  the 
poles  in  working  up  the  base,  so  that  all  parts  of  the  sax&ce  mmy 
get  the  benefit  of  the  action  peculiar  to  both  poles. 


INSTRUMENTS   USED  IN   ELECTROL /'SI3  OF  THE  BASE.  6'^g 

If  the  tumor  is  a  large  one,  as  an  extensive  epithelioma,  oi  scirrhus^ 
it  is  better  to  have  it  first  removed  by  the  knife.  The  base  can  then 
be  worked  up  in  the  manner  just  described. 

The  cavity  after  the  operation  has  a  charred  appearance  and  alanni 
the  patient  and  his  friends  unless  they  are  forewarned. 


Ki 


Fio.  143. 
Elcctrolyss  of  the  base  of  a  scbrhius  of  the  breast  after  removal  of  tbe  tumor  hy  the 
knife.     Harrow  electrode  connected  with  the  negative  pole  and  long  cutting  needle 
with  the  positive  pole. 

The  time  required  in  an  operation  of  this  kind  ranges  between  ten 
minutes  to  a  half  or  three-quarters  of  an  hour.  Some  swelling  and 
oedema  in  the  surrounding  tissues  follow  the  operation,  but  little  or  no 
pain,  although  the  charred  appearance  of  the  cavity  that  has  been  thor- 
oughly electrolyzed  is  sometimes  quite  formidable. 

Instruments  Required. — For  this  method  of  working  up  the  base  Dr. 
Beard  has  devised  needles,  or  electrodes,  that  are  quite  different  frora 
those  employed  in  the  ordinary  method  of  electrolysis.  The  needles 
are  long,  spear-shaped,  double-edged,  and  tolerably  sharp,  so  that  a  slight 
cutting  action  may  be  combined  yaih  the  purely  electrolytic  action. 
These  needles  are  not  insulated,  except  in  that  portion  that  is  grasped 
by  the  hand  in  operating.  In  nearly  all  of  these  operations  we  have 
used  the  zinc  carbon  batteries  of  sixteen  or  thirt}'-two  cells,  and  usually 
those  of  the  Galvano-Faradic  Manufacturing  Company ;  and  when  a 
good  deal  of  work  is  to  be  done  in  a  short  time,  as  in  important  electro- 
lytic operarions,  no  batteries  are  better  than  these.  The  various  mod* 
ifications  of  Daniell  cells,  which  arc  so  excellent  in  central  galvaniza- 
tion* are  not  well  adapted  for  powerful  electrolysis. 

Theory  of  the  Method, — The  most  recent  pathological  investigati  Jni 
•ecm  to  point  pretty  clearly  to  the  view  that  cancer,  whatever  the  dia«> 
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thesis  may  be,  is  a  local  disease,  and  affects  the  adjacent  parts  and  tb« 
general  system  by  .ictual  transfer  of  the  cancer-cells.* 

If  we  accept  these  views  we  must  also  accept  the  view  that  canar^ 
whatei'er  constitutional  treatment  we  adopts  should  be  treated  locally^ 
and  by  some  method  of  local  treatment  that  acts  not  only  on  the  body  of 
the  tumor ^  but  also  and  especially  on  the  surrounding  tissue^  and  that  tJu 
earlier  such  treatment  is  used  the  better  the  prognosis. 

When  we  remove  the  tumor  and  close  up  the  wound,  we  leave  the 
areola  mostly  untouched,  and  shut  up  the  cancer  cells  in  a  soil  best  of  all 
adapted  to  nourish  them.  Hence  we  need  not  wonder  that  the  disease 
recurs  either  immediately  in  or  near  the  place  of  removal,  or  that  the 
cells  wander  to  some  distant  part  where  another  tumor  appears  after 
months  or  years. 

The  morbid  or  semi-morbid  tissues  that  surround  malignani  tumors 
have  been  treated  in  various  ways  by  caustics,  in  substance,  by  caustic 
needles,  and  by  the  actual  and  galvano-cautery.  So  far  as  we  cin  learn 
from  the  experience  of  surgeons  who  have  faithfully  tried  any  01  «•  or  all 
of  these  methods,  the  results  are  more  satisfactory  than  the  re^'l*^  of 
ordinary  treatment  by  the  knife  or  ligature. 

The  theoretical  arguments  that  electrolysis  of  the  base  would  pro- 
duce more  radical  results  than  ihe  use  of  caustics  are  based  necessanly 
on  our  ideas  of  the  nature  of  the  electric  force  and  of  the  process  cK 
electrolysis.  When  electrodes  connected  with  the  two  p>oles  of  a  gal- 
vanic battery  are  inserted  into  the  animal  tissue,  the  vibrations  of  th** 
electric  force  not  only  pass  between  the  electrodes,  but  extend  to  •• 
considerable  distance  in  all  directions  from  them,  and  much  fiirthe* 
than  the  direct  effect  of  caustics  would  reach. 

Advantages  of  the  Method. — i.  Less  liability  to  recurrence  of  nialig 
nant  tumors. 

We  have  kept  close  watch  of  a  majority  of  the  cases  that  have  beer 
treated  in  this  way  during  the  past  three  years.  In  the  list  of  cases  arr 
found  several  epithelioma  of  the  lips  and  face,  and  one  case  ofmalignan* 
cystic  of  the  neck.  But  one  of  the  cases  of  epithelioma  of  the  lips  ani 
face  has  yet  recurrel ;  although  the  time  that  has  elapsed  since  th> 
treatment  varies  all  the  way  between  three  years  and  four  months 
The  case  of  malignant  cystic  has  not  yet  recurred.     It  is  yet  too  earU 

•  See  **  A  Lecture  on  the  Structure  of  Cancerous  Tumors,  and  the  Mode  in  whicb 

Acljacenl  Parts  arc  in vaflcd,"  by  Dr.  Woodward,  Asastant  Surgron,  U.S.A.  The 
Toner  Lectures  of  the  Smithsonian  Inslhutc,  Washington,  November,  1873.  Sec 
also  the  recent  and  admirable  discussion  on  the  subject  by  Drs.  Oe  Morgan,  HatcM 
■on,  Paget,  and  others,  in  the  Lancet  for  March  and  April,  1874. 


ADVANTAGES  OF   ELECTROLYSIS  OF  BASE. 


671 


to  arrange  any  statistics  on  this  subject,  for,  as  every  surgeon  knows, 
some  cases  of  epithelioma  are  permanently  cured  by  the  knife,  and  theii 
prognosis  under  ordinary  surgical  treatment  is  better  than  that  of  scii^ 
rhus  of  the  breast,  or  indeed  scirrhus  anywhere. 

Some  hopeless  cases — notably  a  case  of  scirrhus  of  the  rectum,  and 
epithelioma  of  the  vagina — we  have  treated  by  this  method  in  order  to 
palliate  the  symptoms  and  prolong  life,  and  with  the  most  interesting  and 
remarkable  results.  Indeed,  we  have  been  as  much  encouraged  by  the 
palliative  effects  obtained  in  these  hopeless  forms  of  malignant  disease 
as  by  the  apparently  radical  cures  of  milder  cases. 

It  follows,  from  the  theoretical  considerations  above  given,  and  ex- 
perience con&rms  this  view,  that  the  results  of  this  method  of  working 
up  the  base  will  depend  entirely  on  the  thoroughness  wit  ft  which  the  &/>• 
eration  is  performed.  If  the  base  be  but  half  electrolyzed,  if  patches 
of  morbid  tissue  be  allowed  to  remain,  then  there  will  be  a  recurrence, 
in  all  probability,  just  as  after  other  modes  of  operating. 

2.  Less  hemorrhage  than  other  methods  of  operating.  The  reason 
for  this  has  already  been  explained — electrolysis  coagulates  the  blood, 
constricts  the  tissues,  and  slightly  cauterizes  them.  Ordinary  paren- 
chymatous hemorrhage  is  thus  controlled  in  the  most  satisfactory  man- 
ner, so  that  if  a  strong  current  is  used,  neither  sponges  nor  styptics  are 
required. 

3.  Less  liability  to  shock.  We  form  this  judgment  from  piutracted 
operations  made  on  patients  m  various  stages  of  debility,  and  in  the 
extremes  of  life,  infancy  and  old  age.  We  have  not  yet  seen  any 
effect  at  all  suggestive  of  shock,  after  very  long  sittings  under  strong 
currents,  even  where  sensitive  localities  were  operated  on.  The 
electric  current  would  indeed  appear  to  be  one  of  the  very  best  anti- 
dotes  to  shock,  and  for  a  long  time  it  has  been  known  and  used  as  a 
means  of  resuscitation. 

4.  It  is  followed  by  a  more  satisfactory  healing  than  other  operations. 
This  fact  has  been  observed  markedly  in  several  severe  and  hopeless 
cases,  and  has  attracted  the  attention  of  all  the  surgeons  who  have 
seen  the  cases. 

5.  There  is  reason  for  the  belief  that  the  future  will  show  that  septi- 
caemia  and  pyasmia  are  less  likely  to  follow  electrolysis  than  other  aurgi- 
cal  operations.  It  is  more  than  probable  that  electrolyzation,  like 
cauterization,  constringes  the  absorbents  so  that  they  cannot  absorb 
pus. 

6.  To  all  these  (acts  must  be  added  the  consideration  that  many 
;>atient9  dread  the  knife — without  reason  it  may  be,  and  without  coio* 
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nion-senfve ;  but  patients  are  not  expected  to  exercise  reason  or  con 
mon-sensc — and  such  persons  are  willing  to  submit  to  electricity,  hoi 
ever  em|>loyed. 

The  advantages  of  working  up  the  base  by  electrolysis,  as  comp 
with  working  up  th<^  base  by  caustic,  the  actual  cautery,  or  the  galvano^ 
cautery,  are  worthy  of  study. 

Disadvantages  of  the  Metliod. — i.    It  requires  apparatus  more 
less  bulky,  and  they  require  more  or  less  experience  in  their  manage- 
ment. 

2.  Electrolytic  operations  frequently  require  more  time  than  opera- 
tions with  the  knife  or  ligaiure,  and  in  some  cases  the  operation  must 
be  repeated. 

If  electrolysis  produced  shock,  this  element  of  time  might,  perhaps, 
be  a  serious  one ;  but,  inasmuch  as  it  appears  to  act  as  an  antidote  to 
shock,  and  as  the  stimulus  of  the  current  allows  us  to  prolong  anteslhe- 
sia  with  safety,  and,  as  in  many  of  the  cases  where  electrolysis  is  used, 
treatment  by  knife  or  ligature  is  contraindicated,  this  objection  need 
not  deter  us  from  resorting  to  it. 

3.  The  irritative  fever  that  follows  powerful  and  prolonged  electro- 
lytic operations  is  sometimes  severe.  The  parts  around  the  tumor 
operated  on  become  more  or  less  swollen,  but  are  not  usually  painful, 
and  this  swelling  also  soon  subsides. 

It  is  proper  to  state  that  the  ordinary  method  of  electrolysis,  if 
thoroughly  used  and  repeated  a  sufficient  number  of  times,  may  run  into 
this  method  of  working  up  the  base,  and  in  epithelioma,  at  least,  may 
accomplish  good  results.  The  body  of  the  tumor  may  be  gradually 
broken  and  destroyed  ;  and  then,  in  successive  operations,  the  needles 
may  be  made  to  work  up  the  base  and  surrounding  tissue.  Groh,*  of 
Vienna,  has  used  this  method  with  success  in  quite  a  number  of  cases 
of  epithelioma,  as  well  as  of  sarcomatous  growths.  We  have  used  the 
same  method  in  epilhelipma,  and  with  success.  The  method  has, 
however,  the  sufficiently  serious  objection  that  it  first  wastes  the  time 
and  strength  of  the  patient  on  unnecessary  treatment  of  the  tumor,  and 
is  only  successful  in  proportion  as  it  falls  back  on  the  method  of  work- 
ing up  the  base  and  surrounding  tissue. 

*  Die  EUttrolysis  in  der  Cktrurgie,  Vienna,  187 1.  Groh  has  also  treated  $arco« 
malous  growths  by  very  prolonged  electrolysis,  with  mild  currents.  This  method 
Mcms  to  have  greater  incoaveniences,  without  any  companaring  advantaget. 


CHAPTER  III. 


OALVANO-CAUTKRY. 


Gaivano-Cauiery, — Gahano-cautery  is  cauterization  hy  a  rtsisHmg 
wtre  heated  by  the  galvanic  current.  It  is  very  often  confounded  with 
electrolysis,  but  as  we  have  seen  electrolysis  is  the  decomposition  of  a. 
compound  substance  by  means  of  electricity.  A  slight  cauterizing  ac- 
tion may  indeed  accompany  electrolytic  operations,  but  it  is  incidental 
merely,  and  is  not  a  part  of  the  electrolysis,  nor  the  end  desired. 

It  is  a  law  of  electricity  that  when  it  passes  through  a  resisting  wire 
it  raises  its  temperature  in  proportion  to  the  resistance  of  the  wire  and 
the  quantity  of  the  electricity  (see  Electo-Physics,  p.  So).  The  wire 
thus  heated  is  capable  of  producing  cauterizing  effects.  Platinum  offers 
a  greater  resistance  to  the  passage  of  the  electric  current  than  any 
other  metal  except  mercury  and  lead,  and  is  therefore  used  in  galvano- 
cautery.  It  will  be  seen  at  once  that  the  electricity  is  not  applied  to 
the  body,  as  in  the  various  forms  of  electrization,  but  only  the  wire 
heated  by  the  passage  of  the  current. 

Advantage  of  Galvano-Cautery  over  the  Actual  Cautery. — ^The  one 
great  advantage  of  the  galvano-cautery  over  tlie  actual  cautery  is,  of 
course,  the  fact  that  the  heat  in  the  wire  connected  with  the  battery 
can  be  controlled  at  will.  It  can  be  let  off  and  on,  increased  or  dimin- 
ished at  pleasure  and  instantaneously.  With  the  actual  cautery  such 
control  is  manifestly  impossible. 

Heat  is  heat,  however  obtained ;  and  the  heat  of  a  platinum  wire 
through  which  a  current  is  passing  has  probably  no  advantage  as  such 
over  the  heat  of  a  poker  that  has  been  thrust  into  the  coals.  The 
advantage  lies  sbiply  in  the  fact  that  in  the  one  case  the  heat  is  under 
the  complete  control  of  the  operator  during  a  long  operation  if  neces- 
sary ;  in  the  other  case  it  is  not  under  such  control. 

Apparatus  for    Galvano-Cautery. — Galvano-cautery  operations  re- 
quire batteries  composed  of  a  few  large  cells.     Rarely  are  more  than 
eight  cells  used,  and  the  best  batteries  can  be  turned  into  one  or  two 
43 
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pleted  a  galvano-cautery  battery  that  is  as  portable  and  easy  to  manage 
as  any  galvanic  battery  for  electrolysis  or  ordinary  galvanization. 

Batteries  that  are  non-portable,  or  at  least  not  easily  so,  are  also 
made  by  all  the  comi>anics  that  manufacture  electrical  instnunents. 
Some  of  them  that  we  shall  describe  are  most  excellent.  Those  who 
make  a  large  use  of  galvano-cautery  will  probably  require  two  kinds  ol 
batteries— portable  and  stationary-  just  as  they  require  portable  and 
atationary  faradic  and  galvanic  apparatus. 


titi.  145. 


Fio.  146. 


Fig.  14s  represents  the  Piffard  galvano  cautery  battery,  and  is  not 
only  reasonably  co  iipict,  but  exceedin.;ly  efficient.  The  box  contains 
six  cells  of  vulcanite  ind  a  platform  of  hard  rubber,  to  which  are  fas- 
tened the  zinc  and  platinum  plites.  On  the  top  of  the  platform  are 
seven  conducting  posts,  six  cottnecting  screws,  and  a  handle  (used  in 
conneciion  with  the  long  arm)  for  holding  the  elements  when  not  in 
use  and  by  which  they  are  lowered  into,  or  taken  from  the  cells.  For 
the  purpose  of  agitating  the  fluid  and  increasing  the  cautery  power, 
there  are  pivots  on  each  side  of  the  platform,  by  means  of  uhich  the 
elements  are  readily  moved  with  a  rocking  motion.  The  box  enclosing 
the  cells  is  9  inches  long,  6f  inches  wide,  and  10  inches  high. 

One  of  the  most  successful  attempts  to  combine  a  suitable  degree  of 
strength  with  compactness  and  lightness  has,  perhaps,  been  made  by 
Kidder  in  the  battery  represented  by  Fig,  146.  It  is  composed  of  but 
two  hare!  rubber  cells,  with  elements  of  zinc  and  carbon — each  cell 
measuring  3^  inches  in  length.  2^  inches  in  width,  and  will  retain  a 
number  19  platioura  wire  at  a  white  heat  for  more  than  a  quarter  of  an 
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hour.  The  elements  are  made  to  move  on  small  wheels  horizontally, 
in  their  relation  lo  the  fluid  in  the  cells.  This  is  a  great  improvement 
on  the  old  method  of  blowing  with  an  air-bulb  for  the  purpose  of  pro- 
ducing agitation  of  the  fluid,  and  consequent  increase  of  current 
strength,  and  seems  to  us  to  more  thoroughly  di&place  the  battery- 
fluid  than  any  other  method.  For  very  prolonged  operations  this  little 
battery  is  hardly  sufficient,  and  should  be  replaced  by  the  larger  form, 
consisting  of  loui  cells. 

Byrnis  Multiple  Element  GalvanoCautery  Battery. ~hyme*s  com- 
bination of  zinc-carbon  elements  is  the  most  compact  and  portable  bat 
tery  tor  gal vano- cautery  purposes  yet  constructed,  and  for  its  size  has 
greater  heating  power  than  any  otlicr.  This  battery,  in  its  latest  modi- 
fication, consists  of  zinc-carbon  cells,  in  a  case  six  inches  long,  nine 
inches  high,  and  five  inches  wide.  The  plates  of  each  cell  are  split  up 
into  a  number  of  smaller  plates,  all  of  which  are  contained  in  one  jar 
of  fluid,  and  are  connected  at  the  top.  By  tliis  arrangement  more  sur- 
face both  of  the  zinc  and  of  the  carbon  is  exposed  to  the  fluid  than 
when  the  plates  are  not  so  subdivided.     Besides  this  arrangement  give* 
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many  corners  and  angles  on  which  the  exciting  fluid  acts  with  greater 
vigor  than  on  sraoolh  surfaces. 

The  plates  are  very  near  to  each  other,  from  -jig^  to  ^  of  an  inch,  sc 
that  the  internal  resistance  of  the  battery  is  comparatively  smalL 

The  arrangement  is  such  that  one  or  two  cells  can  be  used  as  may 
be  required.  The  healing  power  of  this  small,  light  battery,  is  quite 
remarkable,  and  is  indeed  sufficient  when  well  nurtured  for  a  very  large 
number  of  electro-surgical  operations. 

Dr.  Byrne*  says  that  he  has  found  by  experiment  that  greater  heat 
may  be  obtained  frotu  120  inches  of  surface  in  the  multiple  element 
form  {three  inches  by  hve)  than  from  3  78  inches  of  surface  with  rl©. 


Ji^iS^^Kasaj^^^ 
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Fig.  (48. 
Gftlvano-Catitery  Battery  with  handle  and  wire-loop  (Mayer  &  Meltzer,  London). 

ments  four  times  the  size.  While  the  battery  made  of  large  elemcnla 
would  bring  five  inches  of  platinum  wire  to  a  red  heat,  the  multiple 
element  battery  would  raise  the  same  wire  to  a  burning  white  heat 

•  Electro-Cautery  in  Uterine  Surgery,  p.  67. 
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Carf  of  Galvano-Cautery  Batteries. — In  order  to  attiin  the  maximum 
of  power  from  galvano-cautery  batteries,  and  to  keep  them  in  gootl 
working  order,  much  more  care  is  necessary  than  in  the  case  of  ordinary 
batteries  for  galvanization. 

The  reasons  for  this  are  twofold  : 

1.  The  chemical  action  is  very  vigorous  because  the  solutions  are 
strong  and  the  circuit  is  metallic  throughout.  In  ordinary  external 
galvanization  or  in  electrolysis  the  resistance  of  the  body  interposed 
in  the  circuit  is  so  great  that  only  a  small  quantity  of  electricity  can 
be  evolved  (see  chapter  on  Ohm's  I^w) ;  hence  the  zinc  is  not  so 
rapidly  consumed. 

2.  The  galvano-cautery  batteries— especially  the  portable  varieties — 
have  comparatively  little  reserve  power.  If  the  solution  becomes  old 
or  the  plates  become  corroded  badly,  the  heat  generated  may  be  too 
feeble  for  important  operations. 

It  is  therefore  necessary  to  frequently  renew  the  solution  entirely, 
and  not  in  part,  as  is  so  often  done  with  ordinary  galvanic  batteries. 
With  the  portable  zinc-carbon  batteries  it  is  a  great  advantage  to  thor 
oughly  soak  the  carbons  in  tepid  water  after  each  operation. 

A  practical  point  of  much  importance  is  that  when  the  «inc  platei 
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Uses  of  the  Galvano-Caittery. — The  special  purposes  f(r  which 
^alvano-caulery  has  been  recommended  and  employed  are  the  follow- 
ing:— 

I.  Removal  of  tumors  of  various  kinds,  in  parts  that  are  not  readily 
accessible  to  the  ordinary  methods  of  extirpation — pediculated  tumors 
of  the  lar>'nx,  polypi  of  the  larynx,  naso  pharyngeal  space,  external 
auditory  canal,  vagina,  rectum,  and  uterus.  Malignant  tumors  in  any 
accessible  position  may  be  removed  by  galvano-cautery  in  order  to 
avoid  hemorrhage, 

a.  Amputation  of  diseased  organs  or  parts  of  organs,  like  the  neck 
•of  the  uterus,  the  tongue,  etc.,  as  a  palliative. 

3.  Cauterization  of  ulcers. 

4.  Cauterization  of  chronic  inflammations  of  raucous  membrane,  ia 
the  urethra,  nasal  duct,  conjunctiva,  etc. 

5.  Cauterization  of  cancerous  tumors  to  stop  the  hemorrhage. 

6.  Cauterization  of  the  base  and  tissue  surrounding  malignant  tumon 
that  have  been  previously  removed  by  the  knife  or  ligature. 

7.  Cauterization  of  erectile  tumors  so  as  to  cause  coagulation,  ab- 
sorption, and  in  some  cases  sloughing. 

8.  Treatment  of  fistula,  by  cauterizing  the  fistula  alone,  or  by  cau- 
terizing surrounding  parts,  or  by  cauterizing  both  the  opening  and  the 
parts  surrounding,  or  by  opening  the  fistula. 

9.  Treatment  of  neuralgia  by  cauterizing  and  killing  the  nerve. 

10.  Treatment  of  prolapsus  uteri  by  cauterizing  with  the  burners  the 
vaginal  walls,  and  thus  causing  inflammation,  suppuration,  and  cicatricial 
contraction. 

Advantages  of  the  GalvanthCautery. — The  advantages  of  the  galvano- 
cautery  over  the  actual  and  potential  cautery  and  the  ordinary  opera- 
tions by  cutting  instruments,  are  these  :— 

I.  It  can  be  used  on  parts  that  are  not  easily  accessible  to  ordinary 
instruments. 

3.  It  saves  all  or  nearly  all  hemorrhage. 

3.  It  combines  the  after-cauterizing  effect  with  the  other  results  of 
the  operation,  as  is  sometimes  desirable. 

4.  It  is  more  sure  in  its  action,  and  can  be  more  accurately  localized, 
especially  in  cavities,  than  the  ordinary  methods  of  cauterization. 

5.  It  is  but  little  painful  after  the  operation,  and  is  rarely  or  never 
dangeroui. 

6.  It  is  followed,  like  electrolysis,  by  a  more  satisfactory  healing  than 
by  the  knife  or  ligature,  and  as  after  electrolysis  there  is  less  liability  to 
pyaemia. 
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The  one  disadvantage  of  the  galvano-cautery  is  the  difficulty  ol 
tnanaging  the  necessary  apparatus. 

This  difficuhy  is  now  diminishing ;  the  advances  that  have  recenll) 
been  made  in  this  department  will  bring  the  galvano-cautery  within  the 
reach  of  all  who  are  willing  to  devote  the  amount  of  attention  which 
a  new  depuriment  must  at  first  demand. 

There  is  reason  to  believe  that  m  the  future,  with  accessible  and 
compact  appliances,  the  use  of  the  galvano-cautery  will  be  greatly  ex- 
tended. No  one  can  expect  to  succeed  7vith  the  galvano  cautery  who  is 
not  to  some  deg^ree  a  master  of  ehctrophysics. 

Rules  for  the  Use  of  the  Galvano-Cautery, — i.  For  all  large  and  im- 
portant operations  fresh  tiuid  should  be  used  in  sufficient  quantity,  and 
the  battery  should  be  in  all  respects  clean  and  in  good  order. 

In  the  use  of  the  galvanic  current  for  ordinary  galvanization,  fluid 
needs  entire  renewal  but  rarely,  and  if  an  evaporation  or  waste  reduce 
the  strength,  simply  pouring  in  new  fluid  into  the  old,  or  pouring  in 
water  alone  will  answer  to  bring  up  the  battery  power  to  the  necessary 
standard. 

2.  Before  beginning  the  operation,  the  apparatus  should  be  in  thor- 
ough preparation.  Our  battery  should  be  tested,  and  the  handles  and 
wires. or  knives  should  be  carefully  overhauled,  so  that  there  may  be 
no  chances  of  bad  connection  or  bad  working  of  the  screws,  wheels,  of 
other  appliances. 

3.  In  all  operations  of  importance  it  is  almost  indispensable  to  have 
an  assistant,  whose  exclusive  duty  it  shall  be  to  immerse  and  take  out 
the  elements  as  may  be  required  during  the  various  steps  of  the  opera- 
tion, or  to  use  the  bellows  or  air-bulb  to  increase  the  strength  of  the 
current.  The  operator  will  have  all  he  can  do  to  control  the  instiu- 
nients  in  his  hands. 

4-  The  strength  of  the  current* employed  in  the  operation  should  be 
carefully  adapted  to  the  si^e  and  length  of  the  wire-loop  or  knife  that 
is  used  in  the  operation.  If  too  great  a  quantity  of  electricity  is  used 
for  the  size  and  length  of  the  wire  loop,  the  wire  may  break  before  or 
during  the  operation — very  likely  very  near  the  close  of  the  operation^ 
to  die  annoyance  of  the  operator.  If  too  little  quantity  of  electricity 
is  used,  the  loop  or  knife  will  not  be  suflRciently  heated,  and  will  not 
bum  through  the  tissues,  or  if  the  tissues  are  divided,  hemorrhage 
may  occur. 

As  the  loop  fefows  smaller  near  the  end  of  an  operation,  the  quantity 
of  electricity  should  be  diminished  by  raising  the  elements  somewhat 
in  the  solution,  so  that  less  surface  may  be  exposed  (Byrne), 
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Accurate  judgment  id  this  regard  can  only  come  from  careful  and 
f'jpeated  preliminary  experitiientation,  and  from  entire  familiarity  with 
aie  battery  employed. 

5.  In  the  case  of  malignant  growths  of  al!  kinds,  the  heated  wire, 
loop  or  knife  should  go  sufficiently  far  beneath  or  around  the  growth 
as  to  include  healthy  tissue.  In  amputation  of  the  cervix,  for  example, 
the  wire  should  be  placed  above  the  ulcerated  or  indurated  part  so  as 
to  remove  the  endra  cervix,  and  very  much  more  if  the  disease  extends 
far  into  the  body  of  the  uterus. 

In  some  cases  this  would  be  impracticable,  and  then  it  is  necessary 
to  abandon  all  hopes  of  radical  or  permanent  relief,  and  content  our- 
selves  with  palliation  merely. 

6.  In  cases  where  the  wire-loop  is  used,  the  traction  on  it  by  the 
wheel  or  other  contrivance  should  be  very  gradual,  and  by  intervals,  so 
that  the  surfaces  of  the  parts  exposed  tiiay  be  thoroughly  cauterijted. 
The  temptation  is  to  make  the  operation  brilliant  and  brief,  by  rapidly 
contracting  the  loop.  Those  operators  who  yield  to  this  temptatioD 
may  be  annoyed  by  immediate  or  secondary  hemorrhage. 

7.  When  the  shape  and  position  of  a  part  to  be  excised  are  »ucb 
thai  a  loop  cannot  be  adjusted,  a  groove  should  first  be  burned  around 
the  part  by  the  galvano-cautery  knife  (Byrne). 

8.  The  wire-loop  or  knife  should  be  accurately  adjusted,  and  be  per- 
fectly in  position  before  the  connection  is  made  and  the  current  let 
on. 

9.  The  loop  should  not  be  contracted  until  it  has  passed  into  the 
submucous  tissues,  and  when  passing  through  superficial  or  cellular  tis- 
sue, the  wire  should  not  be  brought  to  a  white  heat  (Byrne). 

10.  In  protracted  operations,  where  delay  is  necessary  between  the 
different  siages,  the  elements  should  be  raised  out  of  the  solution  when 
the  current  is  not  needed,  so  as  to  rest  the  battery  and  economize  its 
force. 

Adaptation  of  Galvano-Cautery  to  various  Departments. — In  the 
adaptation  of  galvano-cauter)-  to  any  of  the  special  departments,  one 
needj  to  be  guided  by  the  general  principles  already  laid  down.  The 
efficient  contrivances  and  modifications  of  apparatus,  and  of  modes  of 
operaring,  will  depend  on  the  skill  and  experience  of  the  surgeon;* 

Dr.  Byrne  presents  the  following  resume  of  his  operations  with  the 
galvano-cautery,  up  to  December  i,  1872  : 

•  On  the  special  depurnient  of  the  adaptation  of  the  galrano<cautery  to  gytatocAogf, 
u  well  as  for  vahiahle  suggestions  in  regard  to  galvano-cautery  in  general,  «*  nutf 
refer  to  Dr.  Byrne's  work  on  the  Electro-Cautery  tn  Uterine  Surgery. 
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*t9  cases  of  epithelioma,  including  cauliflower  cancer. 
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u 

encephaloid,  or  medullary  cancer. 

*3 

it 

catarrhal,   inflammatory,  and  ulcerative  afTecduni  d   tbt 
cervical  canal  of  uterus. 

S 

** 

amputation  of  cervix  {non-malignanl)^ 

4 

M 

fibrous  and  fibro-cellular  polyiii. 

4 

M 

sessile  fibroid  tumors. 

a 

U 

deep  ulceration  of  os  and  cervix. 

1 

i( 

intrauterine  vegetation  (noa-malignanl). 

a 

<i 

vascular  tumors  of  urethra. 

4 

U 

granular  urethritis. 

3 

u 

hemorrhoids. 

I 

u 

perineo-vaginal  fistula. 

I 

u 

lipoma  of  scalp. 

I 

it 

lipoma  of  cheek. 

I 

M 

lipoma  of  ear. 

72 

Of  the  thirty  cases  of  malignant  disease, 
1 7  were  of  the  uterus  alone. 
7     •*         **      uterus  and  vagina. 
3     "        "      perinaeura  and  vagina, 
I  was  of  the  left  labium. 
I     "         '•      clitoris, 
I     "         "      breast. 

Among  the  nineteen  cases  of  epithelioma, 
7  were  indiiraied  or  ulcerated  only,  and 
1 2  were  of  the  vegetating  or  cauliflower  character.     Of  &e  latter, 
7      "      "       cervix  uteri  alone. 
3      *'      "       perinaeura  and  vagina. 
I  was  restricted  to  the  left  labium. 
I  of  the  clitoris." 

Dr.  Thomas  Brj'ant,  of  London,  has  recently  published  the  results 
of   a  large  variety  of  experiments  with  this  form  of  "  bloodless  sur- 

gery."  ...  I 

The  cases  of  amputation  of  the  cervix  uteri  with  the  galvano-cautery     ™ 

that  have  been  attempted  by  the  surgeons  of  the  Woman's  Hospital, 

with  the  assistance  of  Dr.  Rockwell,  have  proved  entirely  satisfactory. 

Id  these  cases,  if  the  platinum  wire  be  of  sufficient  size,  and  the  cutting 

be  done  slowly,  not  a  drop  of  blood  need  be  lost 

The  galvan(^-cautery  has  been  used  by  ophthalmologists  for  the  cau* 
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terization  of  granular  lids,  and  mflammations  and  abscesses  of  the  lachry- 
mal duels.  By  aurisis  it  has  been  used  for  the  removal  of  polypi  and 
other  tumors  from  the  external  auditory  canal.  By  laryngologists  it  has 
been  used  for  the  lemoval  of  nasal  and  naso-pharyngeal  polypi,  for  the 
cauterization  of  granular  inflammations,  for  the  cauterization  and  removal 
of  various  laryngeal  growths,  and  for' tracheotomy.  One  of  the  most 
successful  workers  in  this  branch  is  Voltolini,* 

In  the  rectum  the  galvano-cautery  has  been  recently  utilized  for  oper- 
ation on  fistuLTi  and  for  the  removal  of  piles.  By  general  surgeons  it 
has  been  used  for  amputation,  and  for  the  treatment  of  epithelioma  and 
other  malignant  growths. 

The  following  oijeration  by  the  galvano-cautery  is  a  good  illustration 
of  its  value  and  etficiency  : 

Case  CXCVIL— We  were  requested  by  Prof.  James  R.  Wood  to  sec  with  him  a 
pniieat  from  whom  he  hail  some  time  before  removed  a  cancer  of  the  lip.  The  man 
was  now  suffering  from  a  larger  growth  of  a  malignant  character,  situated  on  the 
right  side  of  the  neck,  and  adherent  apparently  to  the  hyoid  bone.  The  tumor  was 
so  exceedingly  vascular  that  it  was  thouglit  not  expedient,  by  Br.  Woo<),  to  U5e  the 
knife,  and  he  therefore  determined  t^  try  the  galvano-cautery.  The  patient  having 
beeti  etherized  by  Dr.  J  W.  Hunt,  l»i.  Wood  proceeded  lo  dissect  back  the  skin; 
but  the  substance  of  the  tumor  was  found  to  be  so  tBoroughly  broken  down,  that  it 
wa^  resolved  to  extirpate  thoroughly,  without  regard  to  its  covering.  The  circum- 
ference of  the  tumor  was  so  great,  that  instead  of  attempting  to  encircle  the  whole  at 
once.  Dr.  Wood  pierced  it  at  its  base  and  centre  by  a  grooved  director,  and  along 
thi-^  we  thrust  the  free  end  of  our  platinum  wire,  and  as  it  came  out  at  the  opposite 
side,  it  was  fastened  in  the  other  half  of  the  operating  handle,  thus  forming  a  loop 
around  one-half  of  the  tumor  at  its  base  The  circuit  was  now  closed,  the  loop 
gradually  contracted,  and  the  amputation  of  the  portion  enclosed  speedily  accom- 
pfehefl  The  other  half  of  the  enlargement  was,  in  the  same  way.  readily  cut  away. 
Substituting  now  the  cautery  knife  for  the  wire,  as  much  of  the  underlying  tissue  was 
removed  as  could  be  with  safety  attempted,  owing  to  the  position  of  the  disease. 
During  the  operation  only  an  insignificant  amount  of  blood  was  lost,  and  but  one 
snafl  artery  called  for  ligation.  No  untoward  symptoms  followed,  and  the  patient 
made  a  good  recovery. 

•  Die  Anwendung  der  galvano-kauslik  in  Innem  des  Kehlkopfesund  Schlundkopfcs. 
Wein,  1872,  On  the  Application  of  the  G&lvano-Cautery  to  Laryngology.  See  aLso 
Cotien*s  Diseases  of  the  Throat,  1873. 


CHAFl'ER  IV. 

BKNIGN   AND   MALIGNANT  TUUOSS. 

The  success  of  the  electrolytic  procedure  in  benign  and  malignant 
tumors  depends  on  the  method  used.  One  may  fail  by  one  process  and 
succeed  by  another,  just  as  in  any  other  surgical  operation.  The  ten- 
dency has  been  to  be  satisfied  with  the  mere  employment  of  galvano- 
puncture,  without  regard  to  the  method,  and  to  accept  the  results, 
whether  favorable  or  unfavorable,  as  serving  to  settle  the  question  of  th' 
value  or  uselessness  of  electricity  in  surgery. 

In  electrolysis  ever>'thing  depends  on  the  method  ;  and  with  the  same 
method  skill,  care,  and  thoroughness  may  succeed,  when  awkwardness, 
carelessness,  and  inattention  fail  utterly.  The  failure  of  electrolysis  in 
any  form  of  tumor — benign  or  malignant — is  not  to  be  counted  a  re- 
proach until  we  know  the  actual  method  used  and  the  character  of  the 
operator. 

The  errors  that  have  been  and  are  continually  made  in  electrolytic 
operations  begin  and  end,  as  we  have  seen^  in  ignorance  or  forgetful- 
ness  of  the  laws  and  facts  of  electro-physics  and  electro-physiology,  and 
especially  of  the  former.  No  one  can  be  a  scientific  and  successful 
electro-surgeon  without  also  being  more  or  less  of  an  electro-physicist. 

NvEVl — ERECTILE   TUMORS — ^ANGIOMATA — MOTHER'S    MARKS. 

Naevi  (erectile  or  vascular  tumors)  are  both  cutaneous  and  subcu- 
taneous. The  terms  cutaneous  and  subcutaneous,  however,  simply  in- 
dicate a  difference  in  seat,  but  not  in  kind.  The  two  forms  are  often 
associated,  and  the  wide-spread  dilatation  of  cutaneous  vessels,  attended 
with  little  swelling,  that  are  commonly  called  "mother  spots,"  are  evi- 
dently  similar  in  character  to  the  subcutaneous  variety  to  which  Bell 
gave  the  name  of  aneurism  by  anastomosis.  Erectile  tumors  may  be 
either  venous  or  arterial. 

This  variety  of  tumors  may  be  treated  by  the  ordinary  method  o( 
electrolysis,  with  a  good  probability  of  success,  provided  the  conditioot 
♦>f  success  are  skilfully  observed. 
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:  if  first  of  ah  necessary  to  understand  that  to  cure  all  forms  of 
CTf  a J«;  tumors  electrolytically  without  leaving  any  scar  or  trace  is 
sii.r|»ly  impossible,  lii  many  cases,  and  notably  in  those  of  larger  size, 
a;  ii  "which  are  partly  cutaneous  and  partly  subcutaneous,  sooner  or 
bici  destruction  of  tissue  is  requisite  to  bring  about  a  cure;  and  de- 
f  tru«-Tion  of  tissue  after  electrolysis,  like  destruction  of  tissue  after  the 
•isc  of  other  agents,  is  followed  by  cicatrizatioa 

When  the  naevus  is  small  and  superficial,  then  a  mild  electrolytic 
operation  maybe  followed  by  a  shrinking  of  the  tumor,  and  a  rapid  and 
pctmanent  absorption  of  the  debris  without  any  scarj  but  such  cases 
can  hardly  be  said  to  constitute  the  majority.  The  scars  following  the 
el**ctrolytic  treatment  of  naevi  may,  however,  rapidly  disappear  ;  at  least 
th*  little  patient  may  in  time  entirely  outgrow  them. 

It  is  necessar)'  to  be  understood,  in  the  second  place,  that  the  eleo 
trolytic  operations  for  naevi,  as  for  other  kinds  of  morbid  growths,  are 
usually  sufficiently  j)ainful  to  require  some  form  of  local  or  general 
anesthesia.  It  is  almost  absolutely  sa/^  to  give  ether  to  young  chil* 
dren  ;  and  the  operation,  even  though  it  be  but  very  short  and  but  little 
painful,  can  be  conducted  far  more  successfully  when  the  child  is  anses- 
ihetized  than  when  it  is  not.  With  adults,  and  sometimes  with  children, 
local  anaisihesia  by  ether  spray  is  sufficient ;  but  it  is  generally  inferior 
to  general  anaesthesiau  The  struggles  of  the  child  to  get  free,  its  terroi 
at  the  sight  of  the  instruments,  can  all  be  saved  by  a  carefully  adminis- 
tered anaesthetic.  The  details  of  the  operation  differ  with  the  site  and 
character  of  the  tumor.  Success  has  followed  the  use  of  both  poles  in 
the  tumor,  or  only  one,  while  the  connection  is  made  by  a  sponge  elec- 
trode on  some  indifierent  point.  If  the  tumor  be  small,  and  but  one 
pole  is  used,  it  is  better  that  it  should  be  the  positive,  since  the  clot 
formed  at  the  positive  pole,  though  small,  is  hard  and  firm.  If  the 
tumor  be  large,  needles  connected  with  both  poles  may  be  used. 
Whether  one  or  more  needles  are  to  be  used  depends  on  the  size  of 
the  tumor,  but  generally  one  needle  connected  with  each  pole  is  suffi- 
cient. If  many  needles  are  used,  it  is  difficult  to  manage  them  ;  and 
tome  may  fall  out,  and  thus  disturb  the  operation.  It  is  better,  as  a 
rule,  to  take  out  t)»e  needle  at  different  stages,  and  insert  it  in  various 
parts,  until  the  entire  growth  is  acted  upon.  We  have  sometimes  found 
it  of  advantage  to  reverse  the  current  during  the  operation,  so  that  all 
portions  of  the  tumor  may  be  acted  on  by  both  poles.  Insulation  of 
the  needles  is  only  required  in  the  case  of  entirely  subcutaneous  tumors 
— where,  as  in  Ihe  case  of  aneurism,  it  is  desired  to  produce  a  coaguluni 
(which  may  be  slowly  absorbed)  without  injury  to  the  skin. 
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The  length  of  the  operation  may  range  between  five  and  twenty -five 
minutes,  according  to  the  strength  of  current  used,  the  si^e  of  the  needles. 
and  the  size  of  the  tumor. 

The  great  point  in  all  electrolytic  operations  for  naevi  is  t&  do  jun 
enough  unthout  doing  too  much.  If  the  opeiaiion  be  not  reasonably 
thorough,  absoption  will  not  take  place,  or  the  tumor  may  recur.  If 
the  operation  be  too  extensive  or  prolonged,  the  destruction  of  tissue 
may  be  greater  than  is  needed^  and  the  subsequent  cicatrization  may 
amount  to  at  least  a  temporary  deformity.  For  \^Ty  large  and  semi- 
cutaneous  or  semi-subcutaneous  naevi,  tliat  exhibit  a  tendency  to  spread 
in  idl  directions,  it  is  necessary  to  place  the  needles  at  or  near  the  base 
of  tlie  tumor,  and  in  the  surrounding  rissue,  among  the  enlarging  and 
tortuous  vessels,  in  a  manner  somewhat  resembling  the  method  of  elec- 
trolyzing  the  base  of  malignant  tumors.  If  such  tumors  are  treated 
timidly,  no  good  result  will  come,  and  the  operation  may  be  several 
times  repeated  without  satisfaction. 

The  advantages  of  the  electrolytic  procedure  in  naevi  are  these  : 

1.  In  small  and  superficial  tumors,  the  cure  may  be  effected  with 
little  or  no  scar.  On  the  face  and  other  exposed  parts  of  the  body, 
this  advantage  is  very  great. 

2.  In  large  n;evi,  and  those  which  are  partially  or  entirely  subcu- 
taneous, the  liability  of  recurrence  would  be  less,  and  probably  the  ex- 
tent of  the  cicatrization  would  be  less  than  after  the  ordinary  method  of 
treating  these  growths. 

Sttbattantous  erectiU  tumor  of  the  right  cheek  ;  complete  recovery  foliates  electrolytic 

treatment. 

Case  CXCVIII.— In  April,  1871,  Dr.  D.  F.  Reynolds  consulted  us  in  regard  to  the 
case  of  a  little  child  aged  eight  monthsi,  who  was  aiHicted  by  a  subcutaneous  erectile 
tumor  in  the  rij^ht  cheek.  It  appeareti  shortly  after  birth,  and  had  gradually  enlarged 
until  the  date  mentioned,  when  it  measured  one  and  a  half  inches  in  width  and  from 
one-hair  to  ihrcc-quartcrs  of  an  inch  in  depth.  Upon  firm  pressure  the  enlargement 
would  almost  entirely  di^ppear.  The  patient  having  been  placed  under  the  influence 
of  chloroform,  we  operated  at  Bellevue  Hospital,  in  the  presence  of  Dr.  Frank  Ham- 
ilton and  his  class,  by  introducing  into  the  four  quarters  of  the  tumor  four  small 
gilded  steel  needier  insulated  to  within  one-quarter  of  an  inch  of  the  points  Two  of 
the  needles  are  connected  with  the  f>o!.itive  and  two  with  the  negative  pole. 

During  the  passage  of  a  current  of  very  moderate  tension  the  enlargement  gra<lually 
grew  harder  and  more  prominent  as  the  blood  coagulated,  and  at  the  expiration  of 
eight  minutes,  when  the  needles  were  withdrawn,  the  part  was  quite  firm.  The  child 
suffered  no  inconvenience  during  or  after  the  operation,  and  when  seen  the  next 
morning  was  as  well  and  playful  as  luuaL  The  proces;  of  absorption  'oon  bccamt 
njanile^t,  anil  in  two  months  llu'ee-quarters  (tf  the  clot  luul  disappeared. 
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From  this  time  there  was  a  most  inaVked  decrease  in  the  rapidity  of  absorption* 
since  but  two  monihs  more  were  required  before  the  clot  had  entirely  disappeared. 

A  large  arterial  tumor  in  a  uteak,  ill- nourished  child ;  the  result  0/  elettrofytie 
treatment  UHsatis/actory. 

C.\SE  CXCIX, — Annie  ^-—,  a  child  aged  one  year,  was  directed  to  us  by  Dr.  H.  P. 
Famhara.  On  her  back,  over  the  upper  dorsal  vertebrae,  we  found  a  large  fluctoatbg 
arterial  tumor,  nearly  two  inciies  in  diametei  at  its  hose. 

The  child  was  markedly  anaemic,  and  her  general  condition  was  much  below  par. 

It  was  thought  beat,  however,  to  operate,  and  in  the  presence  of  Dn.  Famham, 
Pinkney,  Grant,  and  others,  the  needles  were  used  in  the  same  manner  as  in  the  pre- 
vious case.  Coagulation  was  readily  produced,  but  owing  to  some  unpleasant  symp- 
toms in  the  respiration  of  the  child  the  needles  were  withdrawn  (as  the  progress  of 
the  case  subsequentlr  attested)  a  tittle  premal^xrely. 

Absorption  set  in  very  slowly  indeed,  and  after  a  few  weeks  its  effects  were  bareljT 
perceptible.  After  a  couple  of  months  it  was  evident  that  the  circulation  in  one  por- 
tion was  beginning  to  be  re->estabiished,  but  the  mother  rcfu-sed  to  allow  anything 
more  to  be  done  for  the  little  patient.  It  should  be  stated  that  on  the  night  follow- 
ing the  operation,  the  child  was  allowed  to  lie  u[x»ii  its  back  with  the  hard  enlarge- 
ment of  coagulated  blood  entirely  unprotected.  Subsequently  a  soft  circular  ring 
was  prepared  and  placed  around  the  tumor,  but  the  irritation  already  caused  by  the 
pressure  was  followed  by  slight  ulceration  and  discharge. 

This»  however,  healed  in  the  course  of  two  weeks,  but  it  undoubtedly  contributed 
towards  the  general  unsatisfactory  result.  The  slowness  with  which  the  al>sorbing 
proccsa  was  carried  on  is  to  be  attributed  undoubtedly  to  impaired  nutrition,  and  tie 
re-establishment  of  the  circulation  mainly  to  the  unfortunate  necessity  of  cutting  shoi ; 
the  operation. 

Arterial  erectile  tumor  from  birth  in  a  child  Ji/teen  months  old;  complete  recovery 
under  eiMtrolytatioH. 
CaseCC  — Ina  little  chtid  fifteen  month>>  old,  u|.H;n  whose  face,  near  the  angle 
of  the  lower  jaw,  a  small  erectile  tumor  had  existed  from  birth,  electrolysis  was  com- 
pletely successful.  The  patient  was  placed  under  the  influence  of  chloroform,  and 
two  platinum  needles  insulated  to  within  one-third  of  an  inch  of  the  pointSi,  and 
connected  with  the  positive  pole,  were  introduced  into  the  two  lower  quarters  of  the 
tumor  ;  while  two  steel  needles,  connected  with  the  negative  pole  and  uisulated  in  a 
simiUr  manner,  weic  thrust  into  the  two  upper  quarters^  The  current  from  twelve 
medium-sized  cells  of  a  zinc-carbon  Ixittery  was  allowed  to  pass  for  ten  minutes,  at  the 
end  of  which  time  the  coagulation  was  complete.  Absorption  of  the  clot  rapidly 
became  manifest,  and  in  four  months  it  had  entirely  disappeared,  leaving  no  acar. 

In  subsequent  operations  we  have  not  hesitated  to  use  steel  orgild'sd 
needles  for  the  positive  pole,  since  the  oxidation  which  these  needles 
undergo  in  all  probajjility  tends  to  accelerate  coagulation. 
Swkeutmneous  erectile  tumor  treated  by  electrolysis  ;  too  strong  eurrentt  uMd ;  tuk' 

jefuent  sloughing. 
Case  CCl. — A  the  request  of  Dr.  Geo.  K    Smith,  we  operated,  November  22, 
1871,  on  a  case  of  subcutaneous  erectile  tumor,  just  over  the  inner  angle  of  the  eye 
44 
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ui  a  child  sixteen  months  of  age.  The  tumor,  which  was  about  the  sixe  of  a 
nut,  could  easily  be  compressed.  The  child  was  thoroaghly  ethericed  with  the  asibt< 
ance  of  Dr.  F.  H.  Colton,  ind  three  insulated  needles  were  inserted  into  the  tumor- 
two  connected  with  the  positive,  and  one  with  the  negative  pwle. 

The  current  was  from  sixteen  weak  cells  ;  the  liatue  twenty  minutes.  The  coloi 
of  the  tttmor  changed  Jurin^j  the  operation  and  became  hard  through  Jie  coagtdatioo. 
Subsequently  the  tumor  sloughed  at  certain  points,  and  the  result  was  oot  sattsfactoiy, 
lincc  a  deformity  was  left  tiiat  may  be  permanent. 

The  mistake  we  made  was  in  using  too  strong  a  current  and  unduly 
prolonging  the  operation.  In  our  desire  to  avoid  repeating  the  opera- 
tion, we  went  to  the  other  extreme. 

The  delicate  skin  of  the  child  was  so  affected  by  the  actioD  of  the 
current  that  sloughing  ensued  in  spite  of  the  insulation  of  the  needles. 
This  Jiiistake  is  one  that  can  be  easily  avoided. 

Dr.  Rockwell,  by  a  somewhat  rare  coincidence,  treated,  within  a  cobi« 
paratively  short  time,  four  widespread  nievi  involving  the  nose.  The 
fii-st  case,  sent  by  Dr.  Lafayette  Ranney,  subn^itted  to  two  operations. 
The  first  successfully  obliterated  the  dilated  vessels  of  one-half  the 
nose ;  but  circulation  becoming  re-established  in  the  other  half,  a  sec- 
ond operation,  performed  after  an  interval  of  several  months,  resulted 
in  complete  recovery.  The  second  case,  sent  by  Dr.  Stephen  Smith, 
was  apparently  successful ;  but  as  it  passed  from  under  his  observation, 
he  is  uninformed  of  the  ultimate  result.  The  remaining  cases  recovered 
promptly  after  a  single  operation,  and  with  hardly  an  appreciable  scar. 

Drs.  L.  F.  Sass  and  R.  P.  Lincoln,  of  this  city,  have  communicated 
to  us  the  details  of  an  interesting  case  of  successful  treatment  of  a 
venous  erectile  tumor  of  the  neck  v — 

The  patient,  Gen.  K.,  aged  33,  of  nervoos  temperament,  represented  that  in  April, 
1869,  after  a  special  effort  in  public  speaking,  be  felt  a  pain  in  his  neck,  on  the  left 
aide.  Six  weeks  later  a  small  tumor  appeared  in  the  locality  of  the  pain,  which  in  a 
few  months  increased  much  in  size.  It  was  subsequently  reduced  by  sulphur-baths^ 
cathartics,  tincture  of  iodine,  etc.,  but  returned,  and  in  February,  1870,  was  a^alo 
reduced  by  the  same  treatment,  which  left  him,  however,  exceedingly  weak.  July  4, 
daring  the  excitement  of  a  public  reception,  the  tumor  again  appeared,  with  severe 
pain,  loss  of  voice,  and  feeling  of  suffocation,  so  that  death  appeared  imminent  ;  and 
again  it  was  dispelled  by  the  same  treatment.  On  account  of  the  frequency  of  these. 
And  the  exhaustion  that  followed  the  treatment,  the  patient  was  compelled  to  resi|gR 
the  public  position  which  he  held,  antl  return  home. 

When  he  came  under  the  olTservation  of  Drs.  Sa.ss  and  Lincoln,  a  tamor  of  the  *im 
of  a  large  goose's  egg  was  found  on  the  left  side  of  the  neck,  in  the  antcro-inferior 
portion  of  the  region  defined  by  the  sterno-clcido-majloid  and  trapezius  muscles  and 
the  clavicle.  The  tracliea  wa^  parted  lialf  an  inch  to  the  right  of  the  median  line. 
The  tumor  wa^  rounded,  smooth,  and  readily  compressible  j  bat  after  compreaaion  i 
returned  to  its  natural  shapes 
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An  attack  of  indigestion,  active  exercise,  or  mental  excitement  of  any  kind,  would 
Ottsc  the  tumor  to  increase  sometimes  to  twice  its  usual  size. 

Sept.  30,  1S70,  in  the  presence  of  Drs.  Hammond  and  Hackley,  the  patient  waj 
AiuesthetizeU  and  submitted  to  electrolytic  treatment.  Four  gilded  steel  needles,  in- 
sulated  to  one-half  or  three-fourths  of  an  inch  from  their  points,  were  introduced  into 
the  four  quarters  of  the  tumor  ;  the  two  upper  being  one  and  one-fourth  incli  apart, 
and  one  inch  above  the  lower,  which  were  one  inch  apart.  The  two  Inner  needle* 
were  connected  with  the  subdivided  anode,  and  the  two  outer  with  the  subdivided  ca- 
thode. At  first  ten,  then  fifteen  elements  of  a  battery  similar  to  Stohrer's  were  em- 
ployed.    The  strength  of  the  current  was  iiicrtfB.«ed  gradually. 

At  the  expiration  of  fifteen  minutes  the  two  lower  needles  were  disengaged  from  th4 
current,  thus  concentrating  the  whole  force  upon  the  two  upper;  at  the  expiration  of 
fifteen  minutes  more  the  needles  were  removed. 

During  the  operation  all  the  prominence  of  the  tumor  disappeared,  and  a  delicate 
examination  delected  a  hard  mass  in  its  place ;  not  a  drop  of  blood  escaped  on  the 
removal  of  the  needles.  The  skin  over  the  tnmor  pre^^nled  a  bright  blush,  and  the 
trachea  had  returned  to  its  proper  f>osition.  Tbe  patient  kept  quiet  for  three  days, 
using  a  cold-water  comfn-ess.  At  the  eud  of  that  time  the  soreness,  which  had  been 
consi'Jerable,  had  nearly  all  passed  away. 

At  the  latest  date,  Octuber  24th,  the  patient  was  well,  and  "the  induration  in  the 
neck  was  Readily  diminishing  in  site." 


Goitres. — Goitres  are  to  be  treated  by  ordinary  electrolysis  with  sharp, 
bayonet-shaped  needles,  which  may  be  either  insulated  or  non-insu- 
lated. Needles  that  are  smoothly  insulated  can  be  inserted  through  the 
skin  of  the  neck  without  very  much  more  difficulty  than  non-insulated 
needles;  but  if  the  insulation  be  roughly  put  in,  the  difficulty  in  inser- 
tion may  be  very  great.  An  advantage  of  non-insulated  needles  is  that 
by  the  action  which  takes  |>lace  in  the  skin  around  it,  the  needle  be- 
comes loosened  at  the  negative  pole,  and  so  can  be  pushed  in  still  far- 
ther without  difficulty.  For  goitres  of  all  kinds  the  negative  pole  is 
much  preferable  to  the  positive  pole,  just  as  in  cystic  and  fibroid  tu- 
mors. There  is  no  danger  in  inserting  a  needle  even  into  a  smail 
gottre  to  a  considerable  depth,  say  one  or  two  inches.  By  great 
carelessness,  it  would,  we  suppose,  be  possible  to  wound  the  carotid 
artery.  We  do  not  usually  employ  an  anjeslhetic  in  the  operations  on 
the  neck ;  we  find  that  the  ether  spray,  or  local  application  of  a  mix- 
ture of  carbolic  acid  and  ether,  equal  parts,  prevents,  to  a  considerable 
extent,  the  fear  of  the  introduction,  which  the  patient  much  dreads, 
and  which  is  really  more  severe  than  the  pain  of  the  electrolysis  aftef 
the  needles  are  in  position. 

In  a  few  cases  we  have  observed  that  the  needles,  when  inserted  in  a 
gottre,  cause,  by  reflex  action,  pain  in  the  forehead  ;  in  other  cases 
nausea  and  a  tendency  to  faintn«ss  are  observed.     The  maiority  of 
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patients  do  not  bear  an  operation  of  more  than  from  five  to  fifteen  mm 
utes,  which  may  be  repeated  two  or  three  limes  a  week. 

This  purely  electrolytic  treatment  may  be  varied  by  external  galva. 
nization  and  faradization  with  strong  currents. 

There  is  no  question  that  external  galvaniialion  and  faradization  witft 
strong  currents,  both  steady  and  interrtipted,  will  cause  a  considerable 
reduction  of,  and  sometimes  completely  dissipate  goitres ;  and  even  when 
these  methods  do  not  cause  any  perceptible  diminution,  they  at  least 
relieve  the  sense  of  pressure,  the  heaviness,  and  the  sense  of  suffocation, 
or  of  choking  that  goitres  often  cause.  External  electrization  alone  is 
not  as  satisfactory  as  electrolysis  unth  needles. 

The  prognosis  of  goitre,  under  electrical  processes,  varies  with  the 
nature  of  the  tumor.  Those  which  are  small  and  soft  may  disappear 
entirely  and  permanently.  Those  that  are  large,  provided  they  are  not 
too  hard,  may  also  entirely  disappear.  The  cystic  varieties  also  give  a 
good  prognosis.  Those  that  are  both  very  large  and  very  hard  may 
diminish  a  certain  percentage,  but  they  do  not  entirely  disappear.  The 
best  method  of  estimating  the  results  of  treatment  is  to  take  measure- 
ment of  the  neck.  Almost  all  goitres  will  go  down  more  or  less,  and 
usually  at  the  outsSt  of  the  treatment.  Afterwards  they  recede  more 
and  more  slowly  ;  and,  even  in  those  cases  where  the  cure  is  complete, 
the  last  quarter  will  require  more  treatment  than  the  first  three-quar. 
ters.     This  is  true  of  all  hard  growths  that  are  treated  by  electricity. 


CcHtre  of  three  years'  standing — Rapid  reduction  and  approximate  cure  under  gett- 
vano-pHncture — External  faradiiation  with  wry  strong  currents. 

Cask  CCII. — March  30,  1874.  We  were  called  to  treat  »  case  of^cJ///-*',  where 
the  measurement  around  ihe  neck  was  sixteen  and  onc-Iialf  inches.  The  patient, 
WM  a  young  roan  twenty-ore  years  of  age,  and  the  Erowih  had  existed  three  years.  The 
tumor  was  moderately  but  not  excessively  hard.  We  commenced  treatment  with 
electrolysis  the  needle  being  passed  into  the  centre  of  the  tumor.  In  one  week  half 
an  inch  was  gained  ;  in  five  weeks  one  and  a  half  inches,  which,  in  effect,  amounted 
to  a  cure.  We  used  only  mild  currents,  combined  with  external  faradizaiionj  with 
very  strong  currents,  violently  interrupted,  as  suggested  by  Meyer.  The  result,  there* 
fore,  was  due  to  the  combined  effect  of  diflferent  kinds  of  electrLtalion. 

The  great  majority  of  cases  of  this  kind  will  become  reduced  ten,  fifteen,  or  twenty 
per  cent.,  and  will  become  statioimry.  Even  in  this  case  the  reduction  of  the  last 
quarter  inch  consumed  as  much  time  as  all  the  rest  of  the  cure. 

In  the  above  case — which  may  be  regarded  as  a  type  of  the  more 

uccessfu!  results  of  electrical  treatment  in  goitre^the  galvanopunc 

lure  certainly  accomplished  more  than  the  external  faradization  with 

strong  inlemjpted  currents.    The  latter  method  did  something,  and  i» 
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worthy  of  trial  in  the  treatment  of  goitre  in  connection  with  galrano- 
puncture. 

^impU  or  adenoiJ  goUrt  in  a  child  aged  faurtteH — Rtlief  of  choking  unjotiotu— 
Steady  decrease  in  site  under  external  galvaniiaticn  and  electrolysis. 

Case  CCIII. — L.  W.,  a  girl  agetl  fourteen  years,  lirii  obseni-ed  four  years  since  * 
dight  cnlargeinent  of  ihc  thyroid  gland.  It  rapidly  increased  in  aze  until  Decemljer  5. 1S71. 
When  she  presented  herself  for  exaxnination  it  was  one  and  a  half  inches  in  depth,  and 
two  inches  in  width,  reaching  to  the  anterior  lx>rder  of  cither  stemo-cleido-mastoideoi 
muscle.  The  mass  was  quite  movable  and  did  not  in  any  way  cxvcm.  inconvenience, 
excepting  when  tihe  attempted  to  suig.  Iodine,  both  internally  and  externally,  had 
been  used  without  appreciable  l>encht.  For  the  first  two  months  localiicd  external 
galvanization  repeated  twice  a  week,  was  alone  tried,  reciting  in  no  diminution  in 
the  ^ize  of  the  swelling,  but  in  a  very  decided  alleviation  of  the  distressing  sensation  of 
strangling,  whicli  invariably  occurred  whenever  she  attempted  to  sing. 

Subsequently  the  needles  were  introduced,  and  to  this  date  the  tumor  has  steadilf 
decreased  in  size,  until,  June  t,  it  was  one-quarter  its  original  size,  and  (he  indications 
were  that  it  would  entirety  disappear.  The  neetlle  (a  small  glover's  needle)  was  in> 
troduced  some  twenty  times,  but  as  the  pain  produced  was  very  slight  no  chloroform 
was  used 

DissifatiQH  0/  a  goUre  of  fifteen  months'  standing  under  external  localized  gal' 

vanivtttan. 

Case  CCIV.— Mi*  II.,  a  yoimg  lady  agcJ  24,  was  directed  to  us  by  Dr.  J.  Ma^ 
rion  Sims.,  Nov.  26,  1S72. 

Fifteen  months  before  she  observed  in  the  neck  a  slight  enlargement,  which  grew 
with  considerable  rapidity.  On  examination,  we  found  a  goitre,  that  spread  widely 
all  over  the  anterior  portion  of  the  neck,  extending,  indeed,  beyond  the  outer  margin 
of  either  sterno-cleido-mastoid  muscle.  The  measurement  around  the  most  promi* 
nent  portion  was  14}  mches. 

We  first  attempted  simple  external  localized  galvanization,  with  the  effect  of 
reducing  the  measurement  b  13  s6anccs  to  13  inches.  The  deformity  was  now  barely 
perceptible,  sind  decreased  with  characteristic  slowness,  but  finally  completely  disap- 
peared after  some  15  additional  applications.  At  the  dose  of  the  treatment,  the 
Deck  measured  ju^t  t2|  inches. 

Cystic  Tufttors, — Benign  cystic  tumors  may  be  successfully  treated  br 
the  ordinary  ineihod  of  electrolysis.  We  have  treated  a  number  of 
cases,  small  and  large,  and  with  excellent  results.  The  object  of  the 
electrolytic  procedure  in  benign  cystics  is,  of  course,  very  different 
from  the  object  of  the  same  procedure  in  nievi.  The  therai>eutical 
tction  of  the  current  on  cystics  is  somewhat  complex. 

1st.  The  fluid  is  decomposed.  The  gaseous  products  of  this  decom 
position  sometimes  escape  through  holes  made  by  the  needles, 

2d.  The  walls  of  the  cyst  are  stimulated,  so  that  the  fluid  is  absorbed, 
and  thus  the  tumor  is  caused  to  shrink.  This  is,  in  fact,  the  rationale 
of  electrolysis  in  hydrocele. 
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jd.  Decomposition  of  the  walls  of  the  cysts.     This  takes  place, 
course,  only  when  uninsulated  needles  are  used.     When  the  net 
arc  insulated  near  to  the  end^  the  walls  of  the  cyst  are  not  acted  on. 

4lh.  Evacuation  of  the  fluid  contents  of  the  cyst  without  decotm>i 
aition.     This  result  njay  follow  puncture  of  any  kind,  even  when 
electricity  is  used.     It  is  more  likely  to   follow  electrolj'sis   with 
negative  needle,  for  the  reason  that  the  needle,  when  not  ins 
acts  OP  the  walls  of  the  cyst,  and  enlarges  the  opening  made 
needle. 

In  openiting  on  cystic  tmnors  by  electrolysis,  the  best  pr 
to  insert  a  needle  connected  with  both  poles.     The  positive  ne 
be  kept  fixed,  while  the  negative  is  worked  in  various  directions, 
to  act  upon  all  the  inner  surface  of  the  cyst,  and  also  to  enlarge  ; 
what  the  hole  made  by  the  needJe  in  the  walls  of  the  tumor,  90 
allow  free  exit  of  the  fluid  or  ga.ses. 

Large,  long,  cutting  needles  arc  usually  preferable  when  tbc 
Uige ;  but  for  small  tumors  ahnost  any  kind  of  needle  will  ana 
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Croaby,  who  saw  tlw  case  M-ith  u%  regarded  it  as  cystic.  The  patieol  haa  refused 
«o  submit  to  any  operation  for  the  radical  cure  of  the  tumor— partly  on  accourt  of 
fear  of  hemorrhage,  and  consequently  hod  worn  the  unpleasant  deformity  the 
greater  portion  of  her  life.  Nov.  ii,  1871,  with  the  assistance  of  Drs.  Catlin, 
Crosby.  Cooper,  and  Wyckoff,  local  anaesthesia  was  used,  and  two  small  msalated 
needles  were  inserted  into  the  tumor  near  the  base,  one  pole  connected  with  the  posi* 
tive  and  the  other  with  the  negative  pole  of  ten  cells  of  a  pr^rtabie  Galvano-Faradic  Ca 
zinc-carbon  battery  (Fig.  61).  Immediately  the  color  of  the  tumor  began  to  lighten, 
Ihroutjh  the  change  of  its  fluid  contents  into  oxygen  and  hydrogen  gases,  and  in  five 
minutes  the  whole  surface  was  almost  colorless,  and  the  tumor  was  much  distended. 
The  needles  were  now  withdrawn  ;  there  was  no  hemorrhage,  but  the  gases  l>cgan  to 
escape  at  the  places  where  the  needles  were  inserted.  Dr.  Crosby  now  used  a  litlit 
pressure,  and  the  tumor  flattened  with  more  escape  of  gas.  Under  repeated  pressure 
still  more  gas  escaped  ;  and  in  ten  minutes  from  the  Ijeginning  of  the  operation  the 
tumor  was  perfectly  flattened.  Gradually  the  residuum  of  the  tumor  disappeared, 
and  in  a  few  weeks  scarcely  a  trace  of  the  lung-standing  deformity  existed. 

Cjfriit  tutnffr  of  tkt  breast,  pasnbly  mttiignant,  treated  by  external  galvanuation 
amd  electrolysis —  Great  rtdiution  in  site,  and  apparent  cure. 

Cask  CCVI. — Mrs.  P.,  a  lady  of  middle  life,  consulted  u-s  December  3d,  1873. 
The  patient  had  a  tumor  in  the  left  breast,  of  the  size  of  a  small  orange.  About  two 
months  had  passed  since  it  was  tirst  observed. 

Both  her  family  phj'sician,  Dr.  Wikofl",  and  another  sargeon  of  eminence  r^arded 
the  tumor  as  scirrhous,  and  advised  its  removal. 

The  patient,  we  may  remark,  traced  the  origin  of  the  growth  very  directly  to  a 
severe  bruise  of  the  breast  from  striking  against  a  bed-post.  When  we  fir^  saw  the 
case,  the  tumor  could  be  ea&Uy  felt  and  grasped  between  the  Angers,  and  seemed 
quite  hard.  The  nipple  was  but  slightly  affected,  and  there  was  no  involvement  of 
the  glands  in  the  axilla. 

There  had  been  little  or  no  pain,  the  tumor  had  not  extended  to  the  skin,  and 
there  was  no  discoloration  ;  except  by  examination  the  presence  of  the  growth  would 
hardly  have  been  suspected.     The  growth  was  quite  movable. 

The  patient  was  of  a  very  nervoiis  temperament,  and  hail  suffered  much  from  neu> 
ralgia.  In  spite  of  the  lack  of  very  severe  syncptoras,  we  concurred  in  the  opinion 
of  her  previous  advisers,  that  the  tumor  wa.s  scirrhous.  The  patient  so  dreaded  the 
thought  of  the  knife  that  she  wanted  to  give  electrical  treatment  a  good  trial. 

We  began  with  local  external  galvanization  with  moderate  currents.  After  one 
week's  treatment  the  tumor  seemed  looser,  softer  in  portions,  and  a  trifle  smaller. 
8ab»eqacol  treatment  abided  nothing  to  this  apparent  improvement.  We  therefore 
molTed  to  use  galvano-puncture. 

December  31st,  wc  inserted  two  needles  into  the  part  of  the  tumor  that  was  most 
superficial ;  one  needle  was  connected  with  the  positive  and  the  other  with  the  nega- 
tive pole 

Ether  spray  was  osed  before  the  needles  were  introdoced.  The  needles  had  oot 
been  in  position  more  than  five  minutes  when  a  fluid  as  colorless  as  water  began  ta 
fltrw  out  of  the  places  where  they  were  inserted,  and  on  pressure  the  quantity  that 
came  away  was  much  increased,  and  more  or  le&t  flowed  out  during  the  whole  opera- 
tion, which  l«ted  fifteen  minutes. 
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When  the  needin  were  withdrawn,  and  pressure  was  used,  still  more  fluid  exoded, 
and  the  tumor  hail  become  reduced  two>thlrds  in  size.  The  tumor  %vas  eridenll} 
fyttu, 

January  2d  and  January  Sth,  we  again  operated  with  Dr.  Beard's  long  cuttisi^'ncedle, 
without  assistance  and  without  anxstbesia,  so  as  to  reduce  the  tumor  to  a  minimum, 
and  if  possible  cauM  absorption  or  atrophy. 

At  the  second  operation  a  less  quantity  of  fluid  exuded,  and  stiU  less  at  the  third 
operation.  The  patient  left  for  home.  We  occaaondly  hear  from  her,  and,  up  to 
the  date  of  writing,  the  tumor  has  not  resumed  its  original  size,  and  dor  not  in  \ 
way  trouble  her. 

In  the  above  case  one  of  three  results  are  possible : 

I  St.  The  tumor  may  reniain  comparatively  small,  causing  no  annoy- 
ance  to  the  patient.     This  result  we  have  seen  in  other  cystic  tumors 
(though  nut  in  the  breast),  from  the  same  method  of  treatment  that' 
was  adopted  in  the  present  case. 

2d  The  tumor  may  again  fill  up  with  fluid,  and  may  require  a  repe- 
tition of  tlie  same  treatment. 

3d.  It  may  take  on  the  scirrhous  form.  It  is,  of  course,  possible  thai 
the  walls  of  the  growth  may  already  be  of  a  scirrhous  character.  Even 
if  it  should  prove  to  be  a  scirrhous  growth,  it  would  not  follow  that  re- 
moval would  be  at  once  indicated. 

If  in  the  above  case  there  should  ever  be  a  rapid  and  ugly  recurrence 
of  the  tumor,  with  threatening  indications  of  any  kind,  the  method  of 
electrolyzing  the  base  would  be  indicated,  the  knife  or  the  galvano- 
cautery  being  used  to  remove  the  body  of  the  growth. 

Cystic  tumor  of  the  submaxillary  region^  probably  malignant ;  tkret  operations — 
Electrolysis  of  the  base — Rapid  healing  vrith  slight  disfigurement — Permanently 
successful  result. 

Case  CCVH. — Miss ^,  a  young  lady  in  her  teens,  was  sent  to  us  March  25, 

J872,  by  Dr.  Wm.  \V.  Reese.  The  patient  was  of  a  fragile  constitution,  and  had  be- 
come debilitated  by  confinement  in  the  stifling  air  of  a  manufactory  whei«.  she  was 
employe<l.  For  one  year  she  had  been  troubled  with  a  tumor  on  the  submaxillary 
legion  of  the  left  side,  (hat  was  at  first  supposed  to  be  simply  an  enlarged  gland.  It 
did  not,  howe%'er,  yield  to  the  usual  treatment  that  various  physicians  and  surgeon; 
had  given  her,  aiid  at  the  time  we  saw  it,  it  was  about  the  size  of  an  Englisl*  walnut, 
and  was  apparently  encysted.  Lancinating  pains  of  a  tolerably  severe  character 
were  sometime<t  felt  in  and  near  the  growth. 

Careful  examination  made  it  pretty  clear  that  the  enlargement  was  cystic  ;  that  a  sofi 
fubstance  was  inside  of  it,  although  the  walls  were  quite  hard.  March  271I1,  with 
the  assistance  of  Drt,  Reese  and  Hyde,  we  elcclrolyzed  a  portion  of  the  growth,  and 
found  that  it  was  really  cystic  and  contained  a  dark,  che«sy  substance.  The  patient 
was  fully  etherized  during  the  operation,  which  lasted  forty  minutev  Large  and  long 
needles  were  employed,  and  sixteen  zinc-carbon  cells. 
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Tbe  operation  was  followed  for  tvro  days  hy  irritatiTe  ferer,  bot  by  no  other  tni> 
pleasant  result.  There  was  considerable  sloughing,  hut  the  bulk  of  the  growth  re» 
mained  as  a  large  unsightly  mass.  April  14th,  we  aqain  operated  by  tuoriing  up  ih* 
hate  of  the  tumor,  undermining  it  and  eepornting  it  from  the  surrounding  healthy 
tissue.  Dr.  A.  B.  Cru&by  assisted  at  the  operation,  and  enucleatetl  a  portion  of  the 
mass  before  the  needles  were  inserteil.  The  irritative  fever  was  slighter  than  after 
-the  previous  operal ion.  An  ulcer  \\  inches  in  length  and  a  half  an  inch  in  depth  re- 
mained— the  surface  presenting,  as  usual  after  electrolytic  operations,  a  charred  ap- 
'pearance  which  at  first  alarmed  the  patient.  The  subsequent  healbg  was,  in  the 
judgn^nt  of  all  the  surgeons,  surprisingly  rapid  and  satisfactory.  Dr.  Crosby,  in  proper 
time,  brought  the  edges  together,  and  thus  expedited  the  reparative  process,  so  that 
at  the  end  of  a  month  only  a  trifling  scar  remained.  At  one  of  these  operations  the 
parenchymatous  hemorrhage  was  excellently  controlled  by  the  action  of  the  current, 
and  no  other  styptic  was  required.  The  patient  had  now  positively  improved  in  her 
general  health,  and  was  free  from  any  sign  of  the  disease.  It  was  hoped  by  all  par- 
ties that  she  would  hear  no  more  from  the  tumor.  It  had  been  suspected  at  the  dose 
x>f  the  operation  that  a  small  portion  of  the  growth  remained,  but  k  was  not  deemed 
adviiable  to  protract  the  operation. 

Very  soon  pains  of  quite  a  severe  character  began  to  be  felt  just  beneath  the  >kin 
in  the  region  of  the  sublingual  gland  ;  then  followed  swelling,  and  in  a  few  weeks  a 
tumor  as  large  as  a  hor^-chestnut,  of  the  same  appearance  and  feel  as  the  previous 
^owth.  We  decided  to  operate  again,  this  time  with  absolute  thoroughness  ;  the 
same  surgeons  being  present.  Dr.  Crosby  made  an  incision  and  enucleated  the  growth, 
the  operatkni  being  completed  by  electrolyzation  tvith  large  needles  as  before. 

The  vtntrk^maa  thereugiuy  dene ;  the  hose  was  thcroughly  eleetrolyttd  (Fig.  193). 
During  the  operation,  a  branch  of  the  facial  artery  was  severed  by  the  needle ;  this  was 
tied  by  Dr.  Crosby.  The  wound  was  treated  as  before  and  with  the  same  result — rapid 
and  satisfactory  healing,  that  has  been  permanent.  The  scar  disfigures  but  slightly, 
while  the  patient  has  improved  in  her  general  health,  and  at  the  date  of  writing,  three 
fean  after  tbe  last  operation,  weighs  mnch  more  than  at  the  dme  of  the  operation. 


Fig.  tSj. 

Electrolyss  of  the  base  of  the  malignant  cystic  tumor  of  the  neck,  after  removal 
of  the  tumor  by  enucleation.  Long  negative  needle  manipulated  by  the  operator} 
fioonection  made  by  a  nmilar  positive  needle  also  in  the  base. 
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The  above  wis  one  of  the  earlier  cases  m  which  the  method  of  eUe 
trolysis  of  the  base  was  employed. 

Unfortunately  tlie  tumor  was  not  examined  by  the  microscope.  Thf 
evidences  of  malignancy  of  thft  tumor  were  its  recurrence,  after  enu- 
cleation and  ordinary  electrolysis,  the  facts  that  it  seriously  affected  the 
general  health  of  the  patient,  and  that  her  health  greatly  improved  when 
the  tumor  was  finally  removed. 

Hydatids  of  the  Liver. — Durham  and  Forster*  have  treated  eight 
hydatid  tumors  of  the  liver  with  success  by  electrolysis  at  Guy's  Hospi- 
tal and  the  Royal  Infirmary  for  Children,  Waterloo  Road. 

"lo  one  patient,  who  was  under  the  care  or  Dr.  Hilton  Fagge,  and  who  wa» 
operated  upon  by  Mr,  Durliom  in  June,  jS6S,  the  duincss  in  the  hepAlic  region 
measured  seven  inches  vertically,  the  rib*  on  that  side  were  bul»;ed,  and  the  intercostal 
(paces  prominent.  Two  neeilles  were  introduced  into  the  most  prominent  part  of  the 
Ewelling,  one  piercing  the  space  Ixrtween  the  eighth  and  the  ninth  costal  cartilages, 
and  the  other  about  two  inches  behind  it,  between  the  ninth  and  tenth  rib^  The 
nee^iles  passed  in  to  a  depth  of  two  or  three  inches.  One  of  them  was  evidently  free 
in  the  fluid,  for  it  could  be  moved  about  and  rubbed  against  the  other.  The  posterior 
needle  doubtless  pa&$ed  through  the  diaphragm,  xs,  it  was  jerked  about  by  the  respiratory 
movements.  Both  needles  were  connected  with  the  negative  pole  of  ten  cells  of  (he 
battrry,  freshly  charged.  The  positive  pole,  connected  with  a  moistened  conductor, 
was  placed  between  and  near  the  nee<.iles.  The  current  was  allowetl  to  pass  for  twenty- 
live  minutes,  and  during  this  time  there  was  a  crackling  feeling  under  the  finger  as 
of  emphysema,  owing  to  the  development  of  hydrogen  from  the  liquid  of  the  cyst. 
After  the  operation  there  was  some  pain  for  four  or  five  hours.  In  the  evening  the 
tem[>erature  was  10019",  ^'^^  ^^^  patient  did  not  sleep  well  that  night.  Next  day  the 
temperature  was  99.6'',  and  on  the  morning  after  it  had  risen  to  101.2*'.  At  this  rime 
the  hypochondriacal  tumor  had  greatly  disappeared,  and  the  man  expressed  himself  as 
feeling  quite  well.  On  examining  the  riglit  side  of  the  chest,  however,  Dr.  Kagge 
was  a  little  startled  at  finding  aljsoluJe  dulness  behind,  up  to  the  fourth  or  fifth  dorsal 
vertebra ;  and  over  this  extent  of  thorax  there  was  less  vocal  vibration,  marked  tubu- 
lar respiration,  and  legophonic  character  of  the  voice,  which  afforded  conclusive  evi- 
dence of  a  large  eflfusion  of  fluid.  There  was  very  slight  p.iin  about  the  points  where 
the  punctures  had  been  made,  but  no  pleuritic  pain.  The  man  lay  on  his  back,  and 
was  quite  comfortable.  The  liquid  had  evidently  been  squeeied  through  the  puncture 
in  the  diaphragm  into  the  pleural  cavity.  The  man  went  on  perfectly  well,  and  the 
chest  symptom?  disappeared  entirely.  Twenty  days  after,  all  traces  of  the  abdominal 
tumor  had  ditiappeared." 

Fibroids. — Fibroids  are  usually  hard,  and  therefore  slow  to  decompose 
under  electricity.  This  is  true  of  ali  fibroids,  wherever  situated, — ^in  the 
neck  or  any  portion  of  the  periphery,  or  in  the  uterus.  Inasmuch  as  they 
tre  not  usually  malignant,  the  method  of  electrolyzing  the  base,  hero- 
after  to  be  described,  is  not  needed.     They  are  to  be  treated  by  ordinary 

*  Ahhaus,  op.  cit.,  p.  645.     See  also  Med.  Times  and  Gaz.,  Nov.  19th,  187a 
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electrolysis,  needles  connected  with  both  poles  being  inserted  in  the 
tumor.  The  needles  may  be  insulated  or  non-insulated  according  to 
the  situation  of  the  tumor. 

The  behavior  of  fibroids  after  electrolysis  is  not  generally  satisfactory  ; 
the  amount  of  decomposition,  on  account  of  the  density  and  compara- 
tive dryness  of  the  tissue,  is  but  slight ;  and  the  subsequent  shrinkage 
and  atrophy  is  not  so  marked  as  in  goitres  or  cystic  growths. 

If  a  current  of  sufficient  strength  be  used,  the  patient  being  anassthe- 
tized»  suppuration  may  be  excited,  and,  as  a  result  of  the  destruction  and 
loss  of  tissue,  the  tumor  may  become  somewhat  smaller. 

Recurrent  fibroid  tumor  of  a  yearns  standing — Repeated  Electroly%aiions  without 
etherisation  and  attended  vtith  trifling  pain — Arrest  of  Growth — Gradual  de- 
crease in  the  sue  of  the  tumor. 

Case  CCVIil.— Mrs.  P.,  a  lady  of  middle  age,  wa*  directed  to  us  by  Dr.  F.  Wia- 
Ston  ill  February,  1S71. 

On  examiuadon,  we  found  under  the  right  ear  a  large  ttunor,  soft  and  movable, 
and  equal  in  size  to  the  closed  fist.  The  enlargement  was  of  the  recurring  fibroid 
character,  enlirely  painless,  but  most  unsightly  in  appearance.  The  patient  first  ob- 
ser\'ed  the  growth  $ome  ten  years  since,  when  its  size  was  barely  appreciable.  It 
gradually  enlarged  until  it  attained  the  size  of  an  ordinary  hen's  egg,  and  was  removed 
by  the  late  Dr.  Checseman. 

A  few  months  subsequently  it  made  its  appearance  a  second  time,  and  steadily  en 
larged,  until  at  the  expiration  of  three  years  its  size  was  somewhat  greater  than  wheo 
the  first  operation  was  performed. 

It  was  again  removed  by  Dr.  Wdlard  Parker,  but  in  course  of  time  returned.  The 
patient  was  now  unwilling  to  have  the  operation  by  the  knife  repeated,  and  for  seven 
years  the  tumor  slowly  increased  to  the  si«  al>ove  stated. 

To  avoid  any  possibility  of  exciting  an  action  in  the  tumor  that  might  render  il 
truly  malignant  in  character,  we  at  first  made  use  only  of  external  galvanization. 

After  a  dosen  applications  no  change  could  be  perceived  in  its  outward  conforma- 
tion  ;  but  that  the  treatment  had  not  tiecn  without  some  effect  was  manifested  from 
the  fact  that  the  head  could  now  be  turned  in  any  direction  without  causmg  the  dia- 
agreenbleand  sometimes  painful  sen5a(ions  that  had  formerly  followed  pressure  of  the 
deep  portion  of  the  growth  on  the  underlying  tissues., 

We  now  decided  to  try  the  ordinary  method  of  electrolyns,  and  accordingly  intro^ 
duced,  an  inch  mto  the  tumor,  a  needle  insulated  to  within  half  on  inch  of  its  potnL 
Tlie  application,  alternating  with  external  galvanization,  was  repeated  some  twelve 
times  during  the  cotr.-se  of  two  months,  and  resulteil  in  a  very  decided  alteration  in  itx. 
ithape,  as  well  as  a  marked  diminution  in  the  size  of  the  growth.  After  each  operatloD 
a  large  quantity  of  free  hydrogen  gas  escaped  through  the  opening  made  by  the  needle, 
foUowed  by  a  slight  flow  of  blood. 

At  this  time  two  needles  were  used^^the  second  one  of  platinum,  and  connected 
with  the  positive  pole.  It  should  be  stated  that  previously  only  twelve  dnc-carboa 
cells  had  been  used,  and  the  current  allowed  to  pass  but  ten  minuter  We  now  in. 
creased  the  cells  to  twenty,  and  permitted  the  needles  to  remain  some  fifteen  minotca* 
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^JlH  when  they  were  withdrawn,  neither  gas  nor  blood  evitpet),  and  jret  It  was  abaO' 
lutdy  certain  that  the  current  had  been  passing  every  moment,  and  with  power 
greater  than  in  previous  ojwrations. 

In  a  few  hour^  the  tumor  and  tissues  surrounding  it  became  greatly  swollen,  acoom* 
panied  l»y  very  considerable  pain. 

The  pain  and  swelling  were  relieved  by  a  poppy  poultice,  but  a  slight  discharge  con- 
ttnue<J  through  the  months  of  July  and  August,  during  which  time  treatment  was  in* 
tcrmittcd.  In  Septerolwr,  when  the  patient  returned  to  the  city,  the  discharge,  which 
had  ceased  two  weeks  previously,  had  evidently  resulted  in  a  still  further  reduction  of 
the  tumor. 

The  treatment  w&»  resumed,  aud  continued  at  intervals  daring  the  ensuing  winter 
and  spring.  The  effect  was  a  slow  but  constant  decrease,  until  it  was  reduced  to 
about  one-third  its  original  size. 

At  one  time  during  on  intcFval  in  the  treatment  the  patient  observed,  in  a  portion 
of  the  tumor  to  which  the  needles  had  not  beet>  applied,  a  projection  which  rapidly 
enlarged  until  it  was  one-third  of  an  inch  in  diameter,  and  extended  downward  into  the 
healthy  tissue  for  more  than  an  inch.  A  single  needle  was  introduced  into  this  un- 
welcome addition,  and  a  mild  current  allowed  to  pass  for  ten  minutes.  The  prooesf 
of  absorption  was  excited,  and  in  two  weeks  this  protuberance  completely  disappeared. 

It  is  interesting  to  note  in  this  description,  that  while  the  growth  was  dowly  but 
steadily  enlarging  before  the  use  of  needles,  it  did  not,  afker  the  treatment  by  electro- 
lysis was  l>egun,  show  the  slightest  disposdtion  to  tncrcas*  iu  those  parts  actually  in- 
fluenced by  the  current — although  at  one  time  several  months  elapsed  between  the 
operationa  Subsequently  what  remained  of  the  tumor  was  again  removed  by  Dr.  H 
Parker.  | 

While  the  above  case  cannot  be  cited  as  a  brilliant  result  of  electro- 
lytic treatment,  it  is  of  exceeding  interest,  and  has  afforded  many  useful 
hints  that  have  been  of  value  in  other  cases.  The  pain  of  introducing 
the  needles  was  trivial ;  and  the  electrolytic  action,  even  when  it  was 
very  intense,  produced  little  or  no  sensation  ;  consequently  it  was  at  no 
time  necessary  to  use  chloroforni,  and  the  treatment  was  as  readily 
borne  as  if  the  applications  were  merely  external  fl 

Fibroids  of  thi  uterus  are  of  sufficient  importance  to  be  specially 
considered.  They  may  be  treated  electrolytic  ally,  either  through  the 
vagina  or  through  the  abdonainal  walls,  according  to  the  position. 

The  danger  of  creating  peritonitis  by  thrusting  needles  through  the 
abdominal  walls  is  but  slight ;  and  if  the  needles  are  well  insulated  by 
rubber,  there  is  really  no  danger.  The  insulated  part  should,  of  course, 
go  beyond  the  peritoneum. 

Dr.  Kimball,  of  Lowell,  reports  excellent  results  from  treating 
fibroids  in  this  way.  Our  own  observations  in  this  direction  will  be 
found  in  the  chapter  devoted  to  Diseases  of  W^omen.  While  it  is  rare 
to  sec  a  large  and  hard  fibroid  tumor  entirely  disappear  undtr  electro- 
lysis, they  yet  greatly  decrease  in  size,  affording  very  often  complete 
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relief  from  the  various  menstrual  derangements^  and  olhei  sym'Moms 
that  accompany  it. 

Lipomata  {Faiiy  Tw^rffrj).— Ordinary  surgical  treatment  with  the 
knife  is  so  successful  for  fatty  tumors,  that  electrolysis  would  hardly  be 
indicated,  even  if  it  could  accomplish  as  much  and  as  easily  as  the 
knife.  Fatty  tumors  are,  of  course,  benign  ;  and  when  operated  on  do 
not  recur.  Fat  decomposes  slowly  and  with  difficulty,  and  from  our 
first  experiments  on  a  number  of  fatty  growths,  we  were  led  to  be- 
lieve that  secondary  absorptive  effects  would  not,  as  a  rule,  follow  elec- 
trolysis. Dr.  Rockwell's  later  experience,  however,  in  this  direction, 
has  been  more  satisfactory.  By  using  an  increased  number  of  needles, 
more  powerful  currents,  and  by  prolonging  the  operations,  several  of 
these  tumors  have  been  completely  dissipated.  In  every  case  the 
operations  were  rendered  entirely  painless  by  the  use  of  the  ether  spray. 

Ovarian  Tumors. — The  electrolytic  treatment  of  ovarian  tumors  has 
of  late  excited  mucli  attention,  and  we  can  do  no  better  than  to  give 
briefly  the  conclusions  arrived  at  by  Dr.  Paul  F.  Munde,  in  a  veiy 
creditable  resume^*  of  what  has  been  attempted  and  accomplished  in 
this  department  of  electro-surgery. 

He  finds  :  tst,  *'  That  a  number  of  ovarian  tumors,  reported  on  re- 
liable authority,  have  been  completely  cured  or  permanently  improved 
by  electrolysis^-out  of  fifty-one  cases,  twenty-eight  or  about  fifty-five 
per  cent. 

ad,  "  In  a  number  of  these  cases  electrolysis  was  followed  by  dan- 
gerous (thirteen,  or  25.4  v>er  cent.)  and  even  fatal  results  (nine  out  of 
these  thirteen,  or  \  7.6  per  cent,  of  the  whole  fift^'-one. 

3d,  "  Further,  six  cases  out  of  fifty-one  received  neither  benefit  nor 
injury  from  the  treatment,  and  four  were  only  temporarily  improved; 
total,  ten,  or  19.6  per  cent.  We  thus  have  a  total  of  twenty  three  cases, 
or  forty-five  per  cent.,  in  which  the  electrolytic  treatment  failed  to  ac 
complish  the  object  for  which  it  was  administered 

6th,  "Notwithstanding  these  undoubted  cures,  the  percentage  of 
successes  of  oophoro-electrolysis  (55  per  cent.)  compares  unfavorably 
\*-ith  that  of  ovariotomy  (70  to  80  per  cent. ;  Spencer  Wells  78  per 
cent.,  in  1S76  as  high  as  91  per  cent.).  And  so  also  do  the  deaths  by 
electrolysis  (17.6  per  cent.)  nearly  equal  those  following  ovariotomy 
in  recent  years  (20  to  30  per  cent,  to  22  per  cent,),  and  far  exceeding 
those  occurring  in  the  last  series  of  fifty-five  cases  of  Spencer  Wells 
(five,  or  9  ])er  cent.)." 

*  '*  The  Value  of  Electrolysis  in  the  Treatment  of  Ovarian  Tumors,"  by  Paul  F. 
Mund^,  M.D..  New  York,  Gytiaicological  Transactions,  1878. 
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Poivpi, — Naso-pharyugeal  polypi  have  been  treated  by  a  series 
electrolytic  operations  with  success.  Von  Bruns  records  a  notable  a 
of  this  kind.  As  a  rule,  however,  it  would  be  difficult  to  entirely  cure  a 
nasopharyngeal  polypus  by  electrolysis,  and  the  tnatrnent  would  be 
very  annoying.  Polypi  in  accessible  localities  are  best  treated  by  the 
galvano-cautery  wire-loop. 

Epithelioma,  Scirrhus^  and  other  Malignant  Growths. —  Malignant 
growths  may  be  defined  clinically  as  those  growths  which  are  liable  /<• 
recur  after  removal. 

Under  this  head  may  be  classed  epithelioma,  recurring  cysts  and 
fibroids,  encephaloids,  scirrhus,  and  so  forth.  If  tumors  of  this  kmd 
are  to  be  treated  at  all  by  electricit)'  in  the  hope  of  permanent  relief, 
it  should  be  by  the  method  of  electrolysis  of  the  base  as  already  describ 
ed,  provided,  of  course,  the  tumors  are  sufficiently  accessible. 

Pain  may,  however,  be  relieved,  and  in  some  cases  a  reduction  in 
size  may  be  gained  by  the  ordinary  method  of  electrolysis,  or  by  simple 
external  galvanization  or  faradization  ;  and  by  these  methods  also  the 
tumor  may  be  arrested  in  its  progress  perhaps  for  a  long  time. 

Of  the  different  forms  of  malignant  growths,  the  best  prognosis  for  a 
permanent  cure,  or  for  a  long  deliverance,  is  in  recurring  cysts  and 
fibroids  \  next  would  come  epithelioma,  of  which  we  have  successfiilly 
treated  a  number  of  cases,  and  last  of  all  scirrhus. 

Cancers  of  the  neck  of  the  uterus  have  been  removed  by  galvano 
cautery,  but  not,  so  far  as  we  know,  by  electrolysis  of  the  base 


Fig.  ti>4.  _ 

Removal  of  epithelioma  of  face  by  electrolysis  of  base.  Both  n^ative  and  pontive 

needlcii  inserted  in  the  healthy  tissue  beneoth  the  tumor. 

EpUhelioma  af  the  face^  originating  in  an  old  sear,  iix  months'  standing,  remootd 

fy  a  (ombination  ff  electrolysis  of  the  bast  and  the  galvano-cautery. 

Casb  CCIX,— Captain  O.  was  broujjKl  to  us   April  27,   1873,  by  Dr.  Fessen< 

den.     The  patient  had  a  tumor  that  appeared  to  he  nii  epithelioma,  about  the  size 

of  a  small  wdnut,  over  the  zygoma.     It  had  developed  from  an  old  scar  that  had 
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austed  from  cMldhood.  When  he  was  Brst  brought  to  us  the  tumoi  bid  beet  ni 
existence  six  months.  It  had  been  tteated  by  caustics,  but  rapidly  recurred.  We 
decided  to  treat  the  tumor  by  electrolysis  of  the  base,  combining  with  it  the  galvaijo* 
cautery,  if  neces.<<ary  or  convenient,  m  order  to  shorten  the  operation. 

April  30lh.  We  operated,  assisted  by  Dr.  Fess^nden,  who  gave  the  anaesthetic  for 
ten  minutes,  with  eighteen  xinc-caibon  cells.  We  used  the  long  catling  needle,  pass- 
ing one  connected  with  thepoative  pole  under  the  tumor  near  the  edge,  and  another 
long  calling  needle  coinectctl  with  the  negative  pole,  also  under  the  tumor,  and 
parallel  to  the  positive  needle.  The  electrolytic  action  was  moderately  strong,  and 
the  growth  was  rapidly  loosened.  The  positive  needle  became  fixed  in  the  tisaiu 
where  it  was  imbedded,  through  the  oxidization,  as  is  always  the  case  with  the  posi- 
tive needle,  while  around  the  negative  needle  a  yellowish  foam  appeared,  caused  bj 
the  mingling  of  the  hydrogen  evolved  with  the  blood.  The  needle  was  very  loose  in 
the  tissue,  and  we  worked  it  slowly  to  the  right  hand  and  left  until  the  tumor  was  un- 
dermined  by  the  electrolytic  action,  and  nothing  remained  but  a  portion  of  the  skin. 
We  completed  the  operation  by  a  sJiort  wire  connected  with  Byrne's  galvano-cautery 
battery.  After  the  tumor  was  removed,  wc  worked  up  the  base,  partly  with  the 
needles  and  partly  by  the  heated  galvano-cautery  wire. 

Both  needles,  positive  and  negative,  were  plunged  into  the  base  and  edge  of  the 
tumor,  into  healthy  tissue,  until  all  was  bloodless,  charred,  and  dry.  Scarcely  any 
blood  flou'e<l  during  the  o]>eration. 

The  patient  was  won  able  to  leave  the  operating-room.  Cold-water  dressing  only 
was  used.  Some  sloughing  followed,  and  satisfactory  granulation.  In  six  weeks  the 
«ore  had  completely  healed,  with  a  moderate  cicatrix,  and  at  the  date  of  writing, 
Sept.  tst,  1S74,  seventeen  months  from  the  time  of  operation,  there  are  no  signs  of 
recurrence.  The  growth  was  examined  microscopically  by  Dr.  Ormiston,  and  by 
him  pronounced  malignant. 

Large  and  painful  epithelioma  of  the  upper  Up  of  sfturat  months  standing— Re 
miwal  by  urdinary  electrolysis  and  the  method  of  -working  up  the  base — Satis- 
factory healing. 

Case  CCX. — Miss  -= — -^  aged  20,  was  brought  to  us  by  Dr.  Corey,  October  23, 
1871,  to  be  treated  for  an  epithelioma  of  the  upper  lip  that  had  distressed  her  for 
•everal  months.  At  this  time  the  growth  extended  from  the  median  line  to  the  left 
corner  of  the  lip,  being  about  one  inch  in  diameter  and  one-half  an  inch  in  length. 
The  pain  of  the  growth  was  at  times  very  great,  especially  when  exposed  to  the  cold ; 
the  disfigurement  was  annoying,  and  there  was  an  evident  tendency  to  quite  rapid 
tncrease.  At  the  base,  on  the  inner  surface  of  the  lip  and  especially  at  the  comer, 
hard  nodules  were  easily  detected  by  the  finger.  With  the  assistance  of  Dr.  Corey, 
and  in  the  presence  of  a  number  of  physicians,  we  electrolyied  the  upper  portion  of 
the  growth  \^-ilh  five  small  needles,  three  connected  with  the  negative  and  two  with 
the  positive  pole.  Full  anaesthesia  was  used,  and  the  operation  lastctl  twenty 
minnten.  The  needles  were  inserted  directly  into  the  body  of  the  tumor  and  not 
woood  the  base.  The  method  of  working  up  the  base,  we  had  not  at  that  time 
began  to  employ.  The  soft  parts  of  the  tumor  in  the  vicinity  of  the  negative  pole 
deoonnposed  with  rapidity.  A  yellowish  foam  was  developed,  which,  forcing  its  way 
ondemeath  the  scab  that  coveted  the  tumor,  gradusUly  lifted  it  up  and  completely 
ietaclied  it  from  the  body  of  the  growth. 
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The  |urt5  presented  the  usual  charred  appearance  after  the  operation,  but  ihort 
was  little  or  no  pain,  cither  iii  the  tumor  or  in  the  vicinity.  There  was,  howeror, 
considerable  irritative  fever,  and  the  face  was  somewhat  swollen,  In  the  course  of  a 
week,  the  pi>rtion  of  the  diseased  part  that  had  been  clectrolyzed  began  to  contract, 
and  near  the  median  line  healthy  tisnue  appeared.  The  lower  port,  that  was  liltk 
affected  by  the  needles,  remained  as  before.  Nov.  9,  we  again  operated  by  the 
method  of  electrolysis  of  the  base  with  four  negative  and  one  positive  needle  with  the 
same  nmuber  of  cells  (sixteen  jsinc-carbon)  and  for  about  I  he  same  time.  Dr.  Corey 
administered  the  anaesthetic,  and  Drs.  Armor,  Caldwell,  and  others  were  present,  Thif 
operation  was  more  thoroughly  performed  than  the  previous  one,  hut  the  needles 
weie  not  inserted  into  the  nodules  or  the  inner  surface,  but  only  into  the  superficial 
parts  of  the  growth.  No  bai  result  followed,  and  by  Nov.  27th  the  tumor  bad 
contracted  to  one-third  of  its  original  size  and  was  healing  rapidly.  The  healing 
•process  continued  until  scarcely  any  trace  of  the  disease  remained.  The  healing  mv 
almost  j«rfcct  ;  there  was  an  entirely  natural  skin  in  the  region  where  the  tumor  had 
formerly  existed,  and  the  only  cicatrix  was  at  the  comer  of  the  mouth.  Twitches  of 
pain  have  been  felt  in  the  vicinity  of  the  scar,  especially  on  exposure  to  cold,  giving 
rise  to  the  suspicion  that  pMssibly  that  portion  of  the  growth  was  not  thotxHigbljii 
treated. 

It  is  now  three  years  since  the  patient  was  treated,  and  the  recovery 
may  be  regarded  as  most  satisfactory.  In  reference  to  this  case  it  taay 
be  retnarked  :  — 

1.  If  ihe  diseased  mass  had  been  thoroughly  separated  from  the 
suiTOuoding  healthy  tissues  by  inserting  large  needles,  one  operation 
would  have  been  sufficient,  and  the  cure  would  probably  have  been 
absolute.  This  was  the  first  case  of  the  kind  that  we  had  treated,  and 
we  had  not  then  employed  the  method  of  working  up  the  base,  and  had 
not  devised  the  long,  sharp,  double-edged  needle  which  we  now  employ 
in  the  clectrolyzation  of  large  growths. 

2.  There  was  scarcely  any  hemorrhage  or  other  unpleasant  symp- 
tonis  during  or  after  the  operation,  excepting  the  irritative  fever  of  which 
we  have  spoken. 

Epithelial  cancer  in  a  lady  aged  thirty ,  involving  the  rectum^  vagina,  and  extern 
nal  partt^EletnH  operations  hy  ordinary  electrolysis  and  electrolysis  of  the  bate  re- 
move  the  growths t  alleviate  pain,  and  modify  very  greatly  the  rapidity  uritA  which 
the  disease  subsequently  reappears — Subsequent  treatment  by  gahiano^auttwy  ty  Dr. 
Byrne^  with  relief  ^Death  of  the  patient. 


Cask  CCXI. — The  wife  of  a  physician,  aged  about  30,  had  for  eight  years  of  licr 
married  life  .suffered  from  what  was  sup|>ose<i  to  l>e  scirrhus  of  the  rectum^  which  had 
been  removed  by  ligatures  at  different  lime^and  by  different  surgeons. 

About  three  years  before  we  saw  her,  an  epithelial  cancer  appwared  at  theentrance 
of  the  vagina;  tliis  gradually  increased  in  size  and  protruded,  until  October,  1871,  it 
appeared  to  be  about  one-half  as  large  as  a  cauliflower,  and  much  resembled  one  ia 
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appearance.  T!ie  discharge  was  very  profuse  and  very  offensive  ;  the  pain  terrible  and 
almost  constant.  The  growth  was  evidently  increasing,  and  only  with  difficulty  could 
the  patient  walk  about  the  house. 

A  more  distressing  case  of  disease  of  any  kind  we  had  never  seen.  After  each  re- 
moval of  the  mass  by  the  ligature,  it  would  spring  up  almost  before  the  sight  and  be* 
come  larger  than  before.  There  was  about  it  a  rankness,  a  ficrcenessi,  a  malignity, 
quite  unusual.  Like  rampant  weeds  in  rich  soil,  the  more  it  was  cut  oll^  the  faster  it 
grew.  Escharotics  of  all  kinds,  as  well  as  cundurango,  had  been  tried,  the  latta 
remedy  seeming  to  do  injury. 


tu..    1S5. 

Epithelioma  of  the  vagina  and  vulva.   Cauliflower  appearance. 


Appearance  of  graBulatiog  base  after  removal  of  a  portion  of  the  q)itbdioma  of  vagina 
and  vulva  by  electroljraa. 


The  galvano<autery  had  been  suggested  jy  Dr.  E.  R.  Peaslee,  whom  the  patient 
ooonlted,  and  Dr.  Byrne  had  intended  to  give  it  a  trial,  bat  deferred  the  opcra^ioo 
b  orda  to  experiment  with  cundurango.  We  began  treatment  with  external  galv^ 
Dilation  in  order  to  relieve  the  pain.  The  first  treatment  accomplished  nothing  ;  the 
third  treatment,  we  connected  an  insulated  rectal  electrode  with  one  pole,  while  the 
45 
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positive,  bjf  means  of  a  wet  cloth,  was  gently  passed  over  the  very  sensitive  sur&ce  cA 
the  tumor.  The  patient  was  relieved  of  pam  for  a  whole  night.  Satisfied  with  th« 
result,  we  now  resolved  to  ti-sc  the  needles. 

With  the  assistance  of  Dr.  Kotlon  and  tJie  husband  of  the  padent,  we  opera.t«0 
eleven  times,  with  iiuervals  of  two  or  three  weeks  between  the  sianeet.  Full  etlxti 
ntion  had  been  obtained  In  each  operation. 

Wc  used  two,  three,  or  four  needles,  according  to  circumstances,  and  both  pole* 
were  inserted  into  the  base  of  the  growth. 

The  first  operation,  Oct.  20,  which  lasted  twenty-five  minutes,  removed  ooe-i 
of  the  growth  ;  and  by  the  end  of  the  third  operation,  all  the  growth  external  to  tl 
orifice  of  the  vagina  was  removed. 

Far  up  in  the  vagina  the  diseased  portion  could  readily  be  detected,  spreading  oitL 
in  all  directions  like  a  watermtlon  vine. 

Nov.  ISth,  there  was  some  evidences  of  a  reappearance  of  the  external  growth  a 
those  parts  that  wer«r  not  thoroughly  electrized.     Nov.  zzA,  operated    again    by 
trolysis  for  half  an  hour. 

Dec  5th,  operated  again  by  electrolysis  in  coimection  with  Dr.  Byme»  who  by  the 
Aid  of  his  speculum  applied  the  galvano-cautcry  to  the  portions  of  the  growth  in  the 
vagina.  Jan.  17th,  again  operated  by  the  same  method  for  thirty  minuted.  The  ex* 
temal  ulcer  caused  by  the  removal  of  the  tumor  had  hitherto  been  abuut  fc»ur  inches 
iong,  three  inches  wide,  and  one  inch  in  depth,  extending  from  the  middle  of  (be 
labia  beyond  the  anus  on  the  right  side. 

Tbli  ulcer  now  began   to  heal  at  the  edges  and  to  contract.     Jan.  6th,  began  tbft 
use  of  nitrate  of  silver,  applied  to  the  ulcer.     Jan,  Sth,  the  discharge  which  had 
from  the  vogma  was  much  diminished  and  the  ulcer  had  contracted  to  half  the 
Dal  sue,     Jan.  aist,  operated  by  electrolysis  in  the  vagiua  chiefly. 

March  a4th,  repeated  the  operation  with  long  needles,  in  the  vagina,  on  some 
ged  portions  of  the  growth.  We  were  now  able  to  ascertain  by  digital  exanunatios 
that  there  was  a  pretty  direct  connection  between  the  growth  in  the  rectum  and  the 
one  in  the  vagina  ;  they  seemed,  indeed,  to  be  extensions  from  a  common  centre. 

The  septum  at  the  base  of  the  tumor  in  the  vagina  was  so  thin  that  we  much  featvA, 
a  recto-vaginal  fistula,  and  great  care  was  necessary  in  operating,  to  preserve  thb  i 
cate  and  partially  dlsorgomzed  tissue  that  separated  the  two  canals.     April  at,  aj 
operated  by  clcctrolysb. 

Subsequently  the  actual  cautery  was  once  ttsed.  in  the  hope  that  perhaps  ic  a 
cause  a  more  thorough  drying  up  of  the  profusely  discharging  surface  in  the  vagi 
but  the  results  of  it?  use  were  unsatisfactory.  The  febrile  condition  that  followed 
alarming,  and  the  local  pain  was  terrific  for  several  days  after  the  operation.  Dona^. 
the  summer,  local  applications  of  various  kinds  have  been  experimented  witlbt 
among  others,  a  mixture  of  iodine,  iixiide  of  potassium,  and  glycerine^  whach  waf 
employed  at  t!ic  suggestion  of  Dr.  Byrne,  and  with  good  effect. 

During  the  year  the  patient  had  taken  cod-liver  oil,  and  except  by  intervals  hasbaA 
a  good  appetite.  Twice  a  severe  and  protracted  attack  of  sciatica  has  been  bfomght 
•D,  Apparently  by  expostirc  to  cold. 

At  one  time  the  patient  was  confined  to  ber  bed,  and  was  somewhat  hystetkaL 
During  the  summer  the  external  part  of  the  growth  gradually  reappeared,  bot  tbci« 
was  no  difficulty  in  urination  or  defecation  ;  and  hence  we  conclude  that  the  portioB 
in  the  rectum  has  not  greatly  enlarged,  and  at  the  last  examination  the  'v«*tH?n  «f 
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the  ra^na  was  not  seriously  altered.  Wc  have  all  along  feared  that  lir  disease  wou. 
extend  to  the  uterus  but  examinations  made  at  different  times  gave  nc  evidence  of 
involvement  of  that  organ. 

The  operations  were  perfbrroed  with  a  dnc^carboa  battery  of  eighteen  cells, 
iiesbly  charged. 

The  constrioging  power  of  the  current  was  observed  at  both  poles,  but  most  de- 
odedly  at  the  positive.  After  each  operation  the  surface  presented  a  dark  and  some- 
what charred  appearance,  as  though  it  had  been  slightly  burned.  No  large  artery  wan 
levered  during  the  operations,  hence  it  was  not  necessary  to  use  either  the  ligature 
^MT  persulphate  of  iron.  During  the  winter  of  1873  ^^  Byrne  twice  operated  on  the 
external  portion  of  the  growth  with  the  galvano-cautery.  The  result  was  a  moat 
satisfactory  healing  of  the  external  ulcer.  This  healing  was  much  more  permanent 
than  the  healings  that  followed  electrolysis. 

We  have  given  the  above  case  in  considerable  detail,  because  of  its 
great  interest  to  surgeons,  and  especially  because  it  illustrates  most 
vividly  at  once  the  value  and  the  limitations  of  electrolysis  in  malignant 
tumors.     It  illustrates : 

1.  The  power  of  electrolysis  to  control  hemorrhage.  The  growth 
was  so  vascular  that  it  bled  quite  profusely  on  the  slightest  touch,  and 
yet,  under  the  various  and  protracted  electrolytic  treatments  to  which  it 
was  subjected,  the  amount  of  blood  lost  was  but  a  trifle. 

2.  The  fact  that  the  electrolytic  treatment  does  not  cause  shock,  to 
the  extent  that  similar  destruction  of  tissue  by  other  methods  would  be 
likely  to  do.  Twice,  when  chloroform  was  employed  as  an  anaesthetic, 
the  pulse  acted  badly  and  compelled  us  to  suspend  the  operation  sooner 
than  we  desired  ;  but  under  etherization  the  needles  were  used  for  half 
an  hour  and  longer  without  causing  any  shock.  The  stimulus  of  the 
current,  with  the  occasional  interruptions  that  are  required,  seemed,  by 
reflex  influence  on  the  central  nervous  system,  to  act  as  an  antidote  to 
shock,  as  it  has  appeared  to  do  in  other  cases. 

3.  Better  healing,  and  later  reappearance  of  the  growth  than  after  the 
operation  by  ligature  and  caustics.  When  removed  by  ligature  this 
growth  sprang  up  with  great  rapidity — in  the  course  of  a  few  days; 
even  before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 
an  offensive  discharge  ;  and  the  base  never  began  to  heal,  even  on  the 
edges.  After  thorough  electrolysis  of  tlie  base,  this  growth  not  only 
did  not  show  signs  of  recurrence  for  several  weeks,  but  an  external 
ulcer  of  large  size  entirely  healed.  With  the  internal  ulcer  on  the 
feebly  organized  mucous  tissues  of  the  vagina  we  were  not  so  successful 

4-  The  severe  irritative  fever  that  sometimes  follows  electrolysis. 
After  all  the  operations,  the  patient  was  confined  to  her  bed  for  several 
days,  and  was  more  or  less  distressed  by  inflammation  and  swelling,  Dd 
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only  on  the  edges  of  the  ulcer,  but  at  some  distance  down  the  naies  anA 
through  the  labia.  The  swelling  of  the  labia  was  so  great  that  difficulty 
and  pain  were  experienced  in  passing  water.  It  should  be  noted,  how- 
ever,  that  after  the  operations  with  the  galvano-cautery  and  the  actual 
cautery,  the  irritative  fever  and  surrounding  inflammation  were  much 
more  decided  and  distressing,  and  for  that  reason  we  returned  to  elec- 
trolysis. 

5.  The  utter  inability  of  even  the  most  thorough  and  repeated  elec- 
Irolyzations  of  the  base,  to  permanently  eradicate  the  growth  in  those 
paits/^hcTC  it  vf&s  cann^i'f^d  Tvi/h  f/i<r  mucous  membrane.  Although  the 
hose  was  thoroughly  worked  up  by  inserting  the  needles  into  the  healthy 
tissue  surrounding  it  so  as  to  completely  cut  off  all  communication  be- 
tween the  natural  and  morbid  parts,  yet  the  disease  extended  from  the 
vaginay  until  quite  distant  parts  were  attacked  and  became  saturated 
with  cancerous  degeneration.  The  «:/^«j/ portion  of  the  growth  con- 
nected with  the  perineum  and  nates  was  apparently  eradicated  as 
thoroughly  and  as  successfully  as  the  cases  of  epithelioma  of  the  lip, 
previously  reported,  and  the  subsequent  reappearance  of  the  growth 
was  due  to  the  extension  of  the  disease  from  the  vagina,  which  part 
could  not  be  thoroughly  affected    by  electrolysis. 

6.  The  comparative  value  of  electrolysis  and  galvano-cautery.  The 
healing  after  electrolysis  was  incomparably  more  satisfactory  than  after 
the  ligation  ;  but  in  the  course  of  months  the  growth  returned,  appa- 
rently by  extension  from  the  vagina.  The  irritative  fever  that  followed 
the  electrolytic  operations  was  not  observed  to  any  marked  degree  after 
the  use  of  the  galvano-cautery,  and  more  time  elapsed  before  recurrence. 

Take  the  case  ali  in  all,  its  long  standing  and  wide  extent,  its  ex- 
cessively rapid  growth  and  still  more  rapid  reappearance  after  operation 
by  ligature,  the  frequent  repetition  of  long  clectrolyzations,  and  the 
temporary  benefit  resulting  therefrom,  and  the  opportunity  it  afforded 
for  comparing  the  advantages  of  electrolysis  and  gilvano-cautery,  it 
may  probably  be  regarded  as  without  a  precedent  in  electro- surgery. 

Two  general  varieties  of  cancer  of  breast. — In  their  relations  to 
electrotherapeutics  there  would  appear  to  be  two  general  vaiieties  of 
tumors  of  the  breast  ;  one  variety  in  which  all  or  nearly  all  the 
mamma  is  involved,  and  which  is  very  hard,  firm,  and  unyielding,  the 
skm  being  tense,  glossy,  and  indicating  inflammation  and  induration. 
The  variety  is  more  obstinate  and  unyielding  ;  the  pain  may  be  re. 
lieved,  but  the  tumors  do  not  grow  smaller  under  the  action  of  the 
current ;  they  can  be  diminished  in  size  or  removed  only  by  actua! 
destruction  of  the  tissue. 
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In  the  other  variety  the  tumor  involves  but  a  limited  portion  of  the 
breast ;  the  skin  is  not  tense,  but  is  soft  and  yielding,  and  &f  the  natura) 
color ;  the  growth  is  felt  as  a  nodule  beneath  the  skin,  and  the  pain  is 
not  usually  so  severe  as  in  the  other  variety,  and  the  growth  is  much 
slower.  This  variety  is  the  one  that  is  most  disposed  to  yield  to  elec- 
trical treatment  Not  only  is  the  pain  relieved,  but  the  tumors  grow 
softer  and  smaller.  In  other  cases  their  advance  is  arrested  by  the 
treatment,  so  that  they  remain  stationary  for  months  or  years. 

Whether  what  we  call,  for  convenience'  sake,  and  for  clinical  reasons, 
only  two  varieties,  are  really  but  different  stages  of  one  variety  ;  whether 
the  latter  may  sometimes  come  under  the  head  of  abscess,  or  of  the 
atrophying  cancer  described  by  Billroth — these  questions  we  resign  to 
the  pathologists  of  the  future. 
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Fjc.  187. 
Sdrrbns  of  the  breast  treated  by  ordinary  electrolysis.      Three  needles  connected 
with  negative  pole  in  l>ody  of  tumor ;  connection  made  by  a  sponge,  the  positive  pole 
at  the  indilTerent  point  on  the  lupus. 

Seirrhus  of  tht  lift  breast  in  a  VMnan  agid  forlyfivt — Complete  and  instant  relief 
from  excruciating  pain,  and  in  the  course  of  four  days  disapptarance  of  one- half 
the  growth  from  one  electrolytic  operation — Retrocession  of  the  disease  to  the 
bowels,  resulting  in  death. 

Case  CCXn.— Mrs.  ,  aged  aboat  45,  an  intiiate  of  Bellevae  Hospital,  wat 

affected  with  cancer  of  the  left  breast. 

The  main  portion  of  the  »cirrhus  was  the  site  of  an  ordinary  orange,  and  extend- 
ing into  the  axilla  were  a  number  of  cancerous  nodules  of  considerable  rize. 

The  surrounding  and  intervening  tissue  was  as  hard  and  unjielding  as  the  tumor 
itself.  The  process  of  suppuration  was  beginning  to  manifest  itself,  and  for  severa/ 
weeks  the  patient  haii  sufTere^i  night  and  day  the  roost  excruciating  pain  through  the 
iiseased  parts.  The  first  operation  was  performed  in  one  of  the  wards  of  the  hos- 
pital, in  the  presence  of  Prof.  Frank  H.  Hamilton  (who  had  requested  us  to  operate 
by  the  eWttoIytic  method)  and  his  private  cUs&.     The  patient  having  been  ethe:icedt 
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we  introduced  deeply  into  the  upper  portion  of  the  breast  three  gilded  needles,  and 
with  a  fourth  transfixed  the  largest  of  the  axillary  nodules.  The  positive  pole  (• 
large  moist  sponge)  was  applied  to  the  under  (lortion  of  the  gland.  No  very  decided 
<:hange  was  manifest  in  the  appearance  of  the  mass  during  the  operation  other  tlmn 
some  puffing  up  of  the  skin,  due  to  the  dixngaged  hydrogen  ;  but  very  soon  after  it 
began  to  decrease  in  size,  and  in  one  week  not  only  had  all  the  hardne&&  of  the  sur- 
rounding tissue  and  all  the  axillary  enlargements  entirely  disappeared,  but  the 
mammary  tumor  had  decreased  in  sLw  at  least  one-half.  The  most  grateful  relief  the 
patient  experiencetl,  however,  was  the  complete  and  seemingly  permanent  dissipation 
of  pain.  In  ten  days  we  again  operated,  and  by  the  same  method,  in  the  amphi- 
theatre  and  before  Dr.  Hamilton  and  the  regular  class  of  the  college.  On  the  fol- 
lowing day  the  patient  felt  so  comfortable  that  ^e  left  the  hospital,  and  in  a  week's 
time  presented  herself  for  examination,  when  it  was  found  that  there  had  been  a  still 
furtlier  decrease  in  the  size  of  the  tumor.  She  still  remained  entirely  free  from  pain, 
and  was  delighted  with  the  results  of  the  treatment.  Most  unfortunately,  we  now  lost 
sight  of  the  patient;  but  a  few  months  subsequently  she  returned  to  the  hospital,  suffer- 
ing firom  malignant  disease  of  the  intestine,  of  which  she  died. 

The  following  is  a  condensed  report  of  a  case  treated  by  us  in  co- 
operatioa  with  Dr.  A.  B.  Crosby.  We  give  it  substantially  as  detailed 
by  him :  * 

A  east  of  scirrkms  of  tkt  rectum — Relief  of  symptoms — Satisfactory  heating— 

Death. 

Cass  CCXllI. — Mrs.  L.,  age<l  60,  a  lady  of  a  nervous,  but,  on  the  whole,  of  • 
healthy  temperaineat,  came  under  our  care  Nov.  7th,  1871.  For  three  years  she  had 
been  suffering  from  a  tumor  of  the  rectum  that  was  evidently  of  a  malignant  charac- 
ter— such  at  least  had  beea  (he  opinion  of  the  large  number  of  physicians  and  siirgeons 
who  had  seen  the  patient.  Bougies  were  frequently  inserted  and  various  remedies  bad 
been  tested— among  others  cundurango,  which  the  patient  thought  afforded  some  relief. 
On  examination,  it  was  found  that  the  growth  extended  about  three  inches  up  the  rec- 
tum, forming  a  hard  ring  and  a  stricture  so  narrow  in  the  upper  portion  as  harxlly  to 
admit  the  end  of  the  index-finger.  The  patient  was  tormented  with  flatulence,  and 
the  distress  in  the  region  of  the  tumor  and  of  the  nerves  that  supplied  it  was  very 
great.  The  pain  in  defecation  was  severe,  and  the  passages  were  small  and  very  fre- 
quent. She  was  able,  however,  to  go  about  the  bouse  more  or  less,  and  occasionally 
rode  out. 

We  began  treatment  by  localized  galvanization  externally  by  various  forms  of  rectal 
electrodes.  By  these  applications,  there  was  a  decided  and  graterol  relief  of  the  pain 
and  of  the  flatulence.  This  relief  continued  so  long  as  this  method  of  treatment  was 
used. 

January  7th,  tS72,  Dr.  Crosby  ruptured  the  sphincter  with  the  assistance  of  Drs. 
Reese  and  Oslrander,  who  administered  ether.  We  operated  with  a  zinc-carbon  bat- 
tery on  these  protuberances  by  the  ordinary  method  of  electrolysis.  The  usual  small 
ueedles  were  used.  The  operation  was  followed  by  some  irritative  fever,  but  the 
IMtient,  on  the  whole,  bore  it  excellently,  and  the  whole  growth  was  relaxed  ij  thai 
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the  p«»ages  were  eaisier.  Three  weeks  after  the  operation  the  pa  «nt  was  »«ry 
much  lietter,  and  went  round  the  hou»e- 

The  operation,  which  lasted  forty  minutes,  including  intenmiBons  consisted  ir 
inserting  one  needle  connected  with  the  positive  pole  into  the  body  of  the  growth, 
while  the  negative  needles  were  run  through  the  base  aad  made  to  tiKfrk  aroHnd  the 
iniiide  of  the  rectum  at  the  base  of  the  tumor,  as  far  as  it  was  deemed  prudent  to  go. 
The  growth  was  mostly  removed  in  this  manner,  and  with  very  little  hemorrhage. 
The  entire  thirty-two  cells  were  employed,  and  the  patient  was  kept  under  ether  for 
two  hour*.  Irritative  fever  followed  the  operation  for  five  days.  The  pulse  went  up 
to  120.  There  was  some  flatulence  and  f}ain  in  the  abdomen,  but  no  postive  tender^ 
ness.  There  was  considerable  urethral  irritation  and  dysuria,  and  the  urine  was 
drawn  by  a  catheter. 

In  a  few  days,  the  patient  was  able  to  discharge  large  and  well-formed  faeces.  Foe 
about  a  month,  there  was  some  discharge  from  the  rectum,  but  do  symptoms  of 
pyaemia,  or  of  peritonitis  or  of  cellolitis  that  might  be  feared  from  so  formidable  an 
operation. 

From  May  to  Jane  there  was  but  little  pain  in  the  rectnm  comparatively,  and  thA 
patient  was  able  to  walk  about  and  to  go  out. 

May  t5th,  the  patient  rode  out  vrilh  comfort,  and  she  strongly  hoped  that  the 
relief  would  be  permanent ;  but  there  were  signs  uf  a  recurrence  of  the  growth,  in- 
creasiog  stricture  and  induration,  and  the  faeces  gradually  became  smaller. 

During  all  this  time.  Dr.  Crosby  was  in  the  habit  of  introducing  sponge-tents  of 
good  size  about  every  week  or  ten  days. 

Dr.  Crosby  being  called  away  July  ist,  Dr.  George  K.  Smith  was  called  in,  and 
su^csted  the  use  of  ox-gall  bjection  to  soften  the  {icces.  This  suggestion  was  acted 
upon  with  good  results. 

The  patient,  who  was  subsequently  seen  by  Dr.  Cokon,  gradually  grew  weaket 
during  the  excessive  beat  of  the  summer,  and  ditd  October  37th,  1872,  apparently 
^m  exhaustion. 


Dr.  Crosby  thus  epitomizes  the  important  features  of  this  case  in  its 
electro-surgical  aspects : 

*'  That  this  growth  was  malignant  was  evident  from  the  history  of  the 
case  and  all  the  symptoms,  and  was  established  by  the  microscopic  ex- 
aminition  of  Dr.  Spier.  I  am  disposed  to  believe  that  if  the  tumor  had 
been  in  a  position  where  it  could  have  been  more  readily  reached,  and 
where  the  whole  growth  and  the  adjacent  parts  could  have  been 
thoroughly  electrolyzed,  the  results  would  have  been  very  much  better. 
As  it  was,  it  seemed  unjustifiable  to  interfere  too  seriously  with  the  gut, 
lest  we  might  destroy  it  and  produce  recto  vaginal  fistula. 

"  The  stricture  extended  upward,  about  three  inches  above  the  anus, 
and  ranged  from  threefourths  of  an  inch  to  an  inch  in  breadth. 

"  It  was  only  at  one  point  anteriorly  that  it  extended  higher  than  du«e 
bches.  At  this  point,  a  little  indurated  tissue  could  not  be  removed 
irithout  endangering  the  recto-uterine  pouch  of  the  peritoneuai. 
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"  Whatever,  then,  might  have  been  hoped  in  case  the  removal  had  beet 
absohitely  complete,  it  was  certain  that  the  disease  must  continue  to 
develop  in  this  particular  case.  Anatomically,  three  inches  of  the  rec- 
tum— that  is,  that  portion  within  the  perineum — may  be  safely  removed 
by  the  knife  even.  In  the  above  case,  the  spear-pointed  electrodes 
brought  away  a  large  annular  mass  of  scirrhus  when  the  operation  was 
performed. 

"  This  was  followed,  a  few  days  later,  by  the  separation  of  a  large 
annular  slough,  and  the  rectal  wall  was  left  soft  and  free  from  disease^ 
except  the  small,  indurated  spot  that  extended  above  the  floor  of  the 
pelvis  and  could  not  be  safely  removed.  It  is  a  fair  question  whether 
if  the  operation  had  been  done  earlier,  radical  improvement  might  not 
have  followed. 

"  A  point  of  practical  convenience  was  seen  in  the  method  adopted 
to  reach  the  stricture. 

*'  I  first  completely  ruptured  the  sphincter  ani,  so  as  to  induce  com- 
plete  relaxation.  A  piece  of  two-inch  lead  pipe,  about  two  inches  in 
length,  with  a  handle  soldered  on  one  side,  made  an  excellent  speculum, 
which  was  pushed  up  to  and  brought  the.  stricture  fully  into  view. 

*'  Through  this,  it  was  possible  to  carry  tlie  spear-shaped  electrodes 
through  the  stricture  with  ease  and  certainty,  and  move  them  freely 
around  the  circumference  of  the  bowel. 

"  This  case  showed,  what  I  have  witnessed  in  other  cases  treated  by 
electrolysis,  no  primary  shock. 

••  The  irritative  fever  which  followed  was  very  marked  for  some 
days,  but  there  was  no  primary  disturbance,  either  of  temperature  or 
pulse. 

•*The  removal  immediately  by  the  electrodes  and  secondarily  by 
sloughing  of  so  much  tissue  necessitated  free  granulation. 

*'  The  repair  which  followed  was  unusually  rapid.     In  fact,  in 
and  in  other  cases  treated  in  the  same  way,  I  have  been  impressed  i 
the  fact  that  proliferation  is  very  rapid  after  electrolysis. 

*'  In  this  case,  the  granulating  surface  healed  rapidly  and  completely. 
We  anticipated,  independently  of  any  recurrence  of  the  disease,  decided 
contraction  of  the  cicatricial  tissue. 

*'  Electrolysis  did  not  save  the  patient's  life,  but  it  was  more  eStcieni 
than  any  plan  of  treatment  I  have  seen  adopted  in  ±ese  most  distress- 
tng  cases." 
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Extir^tUn  of  a  mammary  catutr  by  tkt  knift,  followed  fy  tomphte  destru^Hion  of 
the  underlying  tissue  by  eleciroly  xis — Reappearante  of  the  growth. 

Cask  CCXIV. — Mix  H.,  a  maLrrJetl  lacly,  aged  about  forty,  came  under  our  observa 
tion,  through  the  kindness  of  ProC  J-  I-  Cabell,  of  the  University  of  Viiginia.  The 
patient  was  suffering  from  cancer  (scirrhus)  of  the  left  breast  of  about  the  sd^e  of  an 
ordinary  orange,  and  in  addition  one  of  the  axillary  glands  was  enlarged  to  the  pro- 
portions of  an  ordinary  hickory-nut. 

She  had  observed  while  in  India,  eighteen  years  before,  a  small  lump  in  the  breast, 
but  (luring  all  the  years  of  her  residence  in  that  climate  it  remained  stationary  and 
dcver  annoyed  her.  About  eighteen  months  before  we  saw  her,  she  left  India  for  Eng* 
land,  and  soon  after  arriving  in  that  colder  and  damper  atmosphere  the  lump  l)egan 
to  etilarge.  During  the  process  of  its  growth  she  has  suffered  from  occasional  neural- 
gic ]jains,  but  of  no  great  severity. 

On  June  12,  19,  and  2S,  1S73,  we  operated  by  the  ordinar)-  method  of  electrolysis, 
on  each  occasion  introducing  three  needles.  These  efforts  merely  resulted  in  a  softer 
condition  of  the  tumor,  with  possibly  some  slight  diminution  in  site,  and  we  deter- 
mined to  extirpate  the  growth,  and  to  destroy  the  surrotmding  tissue  by  the  under- 
mining electrolytic  process.  The  patient  went  to  her  home,  and  in  October  she 
returned  and  submitted  to  the  radical  operation.  Instead,  however,  of  taking  away 
t)»e  tumor  by  the  process  proposed,  vrc  secured  the  service*  of  Dr.  A.  B.  Crosby,  who, 
on  the  eighth  day,  after  the  patient  had  been  thoroughly  etherized  by  Dr.  N.  B, 
Emerson,  quickly  removed  both  the  breast  and  the  enlarged  gland  of  the  axilla. 

We  had  at  hand  an  appliance  consisting  of  some  twenty  points,  projectbg  from  A 
metal  plate  an  inch  and  a  half  long,  by  an  inch  in  width. 

Tliis  contrivance,  which  wc  call  a  harrow  electrode,  was  placed  on  a  portion  of  the 
surface  of  the  wound,  and  the  o|teralion  was  continued. 

The  needles  penetrated  somewhat  into  the  exposed  tissues,  and  the  electrolytic  pro- 
cess which  was  at  once  begun,  gave  evidence  of  its  usual  activity.  Hydrogen  was 
developed  b  abundance,  and  the  tissues  changed  in  color  and  consistency,  and  rapid 
sod  complete  destruction  followed  to  a  considerable  depth.  By  ihis  method  the  whole 
of  the  freely  exposed  surface  was  worked  over  and  destroyed,  and  those  portions  that 
were  more  or  less  hidden  were  treated  by  two  or  three  ordinary  electrolytic  needles. 
It  was  neces-sary  to  observe  tome  caution  in  the  r^ulation  of  the  strength  of  the 
cturent  and  the  position  of  the  poles,  for  when  the  current  was  increased  above  a  cer- 
tain point,  or,  through  the  position  of  the  poles,  affected  too  directly  the  pneumo- 
fiastric  nerve,  the  hearths  action  became  most  markedly  lowered  both  in  freqiiency  and 
force.  On  modifying  the  influence  of  the  current,  however,  the  circulation  became 
as  strong  as  usual — for  a  moment,  indeed,  there  was  an  increased  vigor  in  the  reaction. 
The  suppuration,  which  was  quite  profuse  for  a  time,  was  followed  by  a  healthy  gra- 
nulating surface,  and  in  ten  days  the  patient  was  suiBciently  recovered  to  return  to 
Viiginia,  where  the  healing  proocis  progreaeed  favorably  throughout. 

Some  six  months  subsequently  the  growth  b^an  to  reappear,  and  will  undoubtedly 
destro}  the  patient. 


The  above  history  is  of  interest,  simply  as  an  illustnition  of  the 
special  method  of  treatment  employed.  The  case  was  of  many  yearV 
standing — for  two  years  the  growth  had  been  constantly  enlarging,  in. 
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volving  the  axillary  glands— hence  it  canw?t  by  any  means  be  regarded 
as  a  test  case.  Of  the  two  methods  of  treatu*<j  scirrhus,  viz.,  the  re 
moval  of  the  growth  by  the  electrolytic  process  aune,  without  the  use 
of  the  knife,  or — as  in  the  case  just  related— cxtirpaiisTn  by  the  knife, 
Dvith  the  subsequent  employment  of  electrolysis  for  the  purpose  of 
destropng  the  reproductive  power  of  the  disease — the  latter  seems,  at 
least  ro  one  of  the  authors  of  this  work,  decidedly  preferable. 

IJy  this  method,  although  two  distinct  operations  are  performed,  less 
time  is  consumed  in  the  operation,  and  it  is  possible  more  effectually^ 
and  to  a  greater  depth,  to  destroy  the  underlying  tissue. 

Relief  of  fht  pain  of  eancer  by  galvanitation. — So  long  as  we  are 
able  to  do  so  little  towards  the  radical  cure  of  the  worst  forms  of  cancer^ 
it  can  never  be  amiss  to  dwell  upon  any  means  that  will  even  for  a 
lime  relieve  the  awful  agony  that  so  frequently  attends  it. 

It  is  not  sufficiently  understood  what  a  magic  induence  an  intelligently 
directed  application  of  the  constant  current  exercises,  as  a  rule,  over 
the  throbbing  pauis  of  scirrhus,  especially  of  the  female  breast.  The 
woman  at  Bellevue,  we  referred  to  in  Case  CCIX.,  p.  714,  had 
suffered  most  severely  for  uiany  weeks.  After  the  first  introduction  ol 
the  needles  every  vestige  of  pain  left  her,  and  during  the  two  weeks 
that  she  was  under  observation,  before  leaving  the  hospital,  she  waa 
entirely  comfortable.  A  number  of  similar  cases  might  be  recorded, 
but  we  will  offer  only  the  following,  which  is  perhaps  of  more  interest 
than  the  majority  : 


An  immenje  ulcerating  scirrhus  of  the  hreast  attettJtd  by  the  most  excruciating  an 
constant  agony — No  relief  follows  the  use  of  the  galvano-cautery  or  eUctrolytU^ 
but  by  external  galvanitation  th*  pain  is  kept  almost  entirely  in  abeyance  for- 
months. 

Cask  CCXV.— In  February,  1873,  Mrs. »  a  patient  of  Dr.  Everett  Herrick, 

came  to  us,  seeking  relief  from  an  immense  ulcerating  cancer  of  ihe  breast.  The 
tumor  had  been  removed  more  than  a  year  previously  by  Dr.  W.  H.  Van  Buren, 
but  the  wound  did  not  enurely  heal,  and,  a  few  months  subsequently,  the  ulcerative 
process  began,  and  steadily  progressed.  For  many  months  the  pain  from  which  she 
suffered  had  been  of  unusual  severity. 

By  the  advice  of  her  physicians,  above-named,  she  was  submitted  to  localized  gal- 
vanization of  the  sound  portions  surrounding  the  ulcerating  part,  and  by  frequent 
applications  the  intense  pains  were  for  nearly  four  months  held  in  almost  complete 
abeyance.  At  limes,  however,  her  sufferings  were  most  intense,  and  words  fail  to  ex- 
press the  instantaneous  and  absolute  relief  that  invariably  followed  the  treatment. 
We  v/ould  occasionally  find  her  in  the  morning  suffenng  most  acutely.  An  applica* 
tion  would  dissipate  the  pains,  and  for  twenty-four  hours  frequently,  and  sometimes 
for  forty-eight,  she  would  move  about  and  rest  in  perfect  comfort.     In  the  latter  oort 
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tif  May  it  was  observed  that  the  carrent  did  not  afford  the  same  relief  as  rormerly 
The  character  of  her  sufferings  had,  however,  changed.  In  the  place  of  the  sharps 
shooting  pains  simulating  neuralgia,  the  distress  consisted  in  a  constant  burning  and 
itching,  which  annoyed  hei  more  or  less  untii  her  death  some  few  months  subse* 
quenlly.  It  must  be  remarked  that  her  later  sufferings  were  not  to  be  compared  wilb 
those  which  the  current  so  effectually  allayed. 

Was  the  change  in  the  character  of  "her  pains  the  resalt  of  the  galvanization,  or  is 
H  probable  that,  if  left  to  nature,  the  characieriitic  nearalgic  pains  would  in  the  aaoie 
way  have  been  replaced  by  the  less  distressing  symptoms  of  itching  and  burning? 

It  is  Lmpo<;$ible  to  say,  but  it  seemi  reasonable  to  attribute  the  changed  action  to 
the  influeace  of  treatment.  It  is  proper  to  say  that,  during  the  course  of  treatment. 
«e  operated  in  the  presence  of  Drs.  Van  Buren  and  Herrick,  by  both  the  galvano- 
cautery  and  electrolysis,  with  the  vain  hope  of  modifying  in  some  degree  the  profuse 
and  offensive  discharge  and  checking  the  rapidity  of  the  ulcerative  process.  Thij 
rase  vtas  alone  sufficient  to  teach  the  necessity  of  care  in  the  application  of  electricity, 
and  to  confirm  the  statement  that  it  is  not  so  much  electricity  that  relieves  and  curei 
as  the  method  of  using  it.  An  application  too  prolonged,  or  with  a  current  of  too 
great  tension,  would  not  only  fail  to  relieve,  but  on  the  contrary  decidedly  aggravate 
the  distress.  The  cathode,  applied  to  the  seat  of  pain,  did  not  relieve  as  did  the 
mode. 

The  pain  was  for  some  time  overcome  by  simple  localized  galvanization,  but  dur- 
ing the  last  weeks  of  treatment  the  applications  were  effectual  only  when  the  elec^ 
trodes  were  separated  as  far  as  possible. 

Adenitu. — Etilarged  glands  of  the  neck  or  groin  may  be  treated  by 
external  faradization  with  strong  currents,  interrupted  so  as  to  break 
np  the  glands,  as  recommended  by  Meyer,  or  by  external  galvaniza- 
don,  or  by  electrolysis. 

The  i)rognosis  is  very  capricious.  In  some  cases  the  enlargementt 
diminish  quite  rapidly,  and  entirely  disappear  ;  in  other  cases  they  are 
as  obstinate  as  scirrhus  of  the  breasL  In  one  case  referred  to  us  by 
Dr.  C.  L.  Mitchell,  an  enlarged  parotid  gland  was  treated  at  first  by 
external  faradization  and  galvanization  with  the  effect  of  hastening 
suppuration.  After  the  tumor  was  opened  the  inner  portions  were 
treated  through  the  opening  by  mild  electrolysis,  and  the  tumor  speedilji 
disappeared. 


CHAPTER  V. 


ANEURISMS  AND  VARI  ;OSE   VEINS. 


In  the  treatment  of  aneurism  the  great  end  sought  is  coagulation. 
knowledge  of  the  differential  action  of  the  poles  in  producing  coagrila. 
tion  is  essential  to  an  intelligent  use  of  electricity  in  treating  aneuri&OL 
Coagulation  lakes  place  at  both  poles  of  the  galvanic  current ;  thai 
at  the  positive  pole  being  small,  black,  and  hard  ;  and  that  at  the  ncgi- 
tive  being  larger,  softer,  and  of  a  yellowish  color. 

Aneurisms  may  be  treated,  with  greater  or  Jess  success,  according  to 
their  size  and  position,  the  condition  of  their  walls,  and  generaj  health 
of  the  patient,  by  either  of  the  poles,  or  by  both  combined. 

The  best  method  for  the  majority  of  cases,  certainly  for  aneurisms  of 
uny  considerable  size,  is  to  use  both  poles,  and  a  large  number  of  needles 
that  are  insulated,  so  that  the  current  will  not  act  on  the  walls  of  the 
aneurism.  In  the  treatment  of  aneurism,  especially,  careful  insulation  if 
needed.     The  advantage  of  using  both  poles  is  twofold- 

/^irsf. — A  double  clot  is  formed,  one  at  the  positive  and  the  other  at 
the  negative  pole.  Although  the  negative  clot  is  soft  and  yielding,  still, 
in  combination  with  the  positive  clot,  it  is  of  decided  service  in  closing 
the  aneurism  ;  and,  so  far  as  we  can  ascertain,  there  is  no  evidence  that 
embolism  is  ever  caused  thereby. 

Secondly.  The  resistance  is  greatly  reduced  by  placing  needles  con- 
nected with  both  poles  in  the  sac,  so  that  the  electrolytic  action  is 
very  much  more  effective  than  when  one  pole  is  placed  on  the  surface 
of  the  body.  The  blood  is  the  portion  of  the  body  that  best  conducts 
electricity ;  and  when  both  poles  are  inside  of  the  sac,  and  near  to  each 
other,  as  of  course  they  must  be,  a  mild  ciurent  will  cause  vigorous 
electrolysis.  On  the  other  hand,  if  one  pole  be  applied  by  a  wet 
sponge  to  some  indifferent  point  on  the  surface,  a  strong  current  is 
needed  to  produce  a  clot,  and  a  long  operation  ;  and,  unless  the  sponge 
on  the  surface  is  occasionally  moved,  it  would  cause  great  pain  ;  and  if 
the  patient  is  under  an  anaesthetic,  a  blister  may  be  caused.  As  the 
negative  pole  is  more  painful  than  the  positive,  when  the  positive  alone 
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is  in  the  anetinsm,  the  negative  on  the  surface  may  be  very  ancoinfort- 
able,  even  with  a  feeble  current.  We  are  aware  that  tolerably  good  re- 
sults have  been  secured  in  many  cases  of  aneurism,  and  especially  by 
the  English  surgeons,  by  the  positive  pole  alone ;  but  we  suspect  thai 
better  results  might  have  been  obtained  if  both  poles  had  been  inserted 
into  the  sac  At  all  events  the  use  of  both  poles  should  be  thoroughly 
tested. 

In  the  electroljrtic  treatment  of  aneurisms,  as  in  so  many  other  elec- 
trical applications,  it  is  an  advantage  to  have  a  rheostate,  so  as  gradually 
to  let  the  current  on  or  off  without  shock. 

Statistics  of  Aneurism  treated  by  Electricity. — ^The  published  statis- 
,  tics  of  aneurism  treated  by  electricity  are  of  little  or  no  value,  and  for 
two  reasons  :  i.  They  represent  experiments  made,  in  a  large  percent- 
age of  the  cases,  by  those  who  are  but  little  familiar  with  Electro- 
Physics,  or  BUectro-Physiology.  Quite  frequently  the  poles  have  been 
confounded,  so  that  it  is  impossible  to  tell  whether  the  positive  or 
negative  is  used,  and  from  many  of  the  accounts,  it  is  impossible  to 
tell  even  approximately  the  strength  of  current  employed. 

2.  The  statistics  are  derived,  in  part,  at  least,  from  cases  that  are  re 
ported  too  early.  The  temporary  relief  that  results  from  the  coagulum 
formed  in  the  aneurism  by  the  chemical  action  of  the  current  has  been 
interpreted  as  indicating  a  perfect  recovery. 

Some  of  the  cases  hastily  reported  as  cured  probably  died  soon  af^er, 
if  not  before,  the  account  of  their  recovery  was  fully  in  print. 

For  these  reasons  we  omit  all  the  statistics  that  have  appeared  on 
this  subject ;  preferring  the  general  average  opinion,  so  far  as  it  can  be 
obtained,  of  those  surgeons  and  electro-therapeutists  who  are  best  qual- 
ified to  s|>eak  on  this  subjecL 

Our  general  conclusion,  derived  from  many  experiments  on  animals, 
from  actual  experience,  and  from  a  comparison  of  the  various  observa- 
tions that  have  been  made  on  the  subject,  is  that  for  those  varieties  of 
aneurism — such  as  the  thoracic,  abdominal,  and  so  forth — that  cannot 
well  be  treated  by  the  old  methods,  and  in  some  cases  for  those  that  arc 
accessible  to  other  treatment,  galvano-puocture,  rightly  performed,  may 
be  of  great  service  in  relieving  the  accompanying  symptoms,  in  prolong* 
ing  life,  and  may  now  and  then  achieve  a  radical  cure. 

The  following  case  is  condensed  from  the  published  account  of  Dr. 
Kcyes,*  in  co-operation  with  whom  the  operations  were  made  : 


*  New  York  Medical  Journal.  December,  187J. 
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Anwrism  of  abthminal  aorta  treated  by  gatvano-puncture — RtlUf  of  tympt^m*^ 
Death  and  post-mortem. 

Cask  CCXVI. — A  widow,  42  years  of  age,  had  been  afBicted  for  many  months  witt 
■  "swelling  in  her  stomacli,"  that  all  the  surgeons  regard  as  aneurism  of  the  superior 
mesenteric,  or  of  the  aorta.  The  patient  was  in  Charity  Hospital.  There  was  pain  in  tha 
epigastric  region,  which  wai  aggravated  by  movcnacnt.  The  tumor,  which  was  about 
the  size  of  the  fist,  was  situated  to  the  left  of  the  median  line,  and  extended  a  little 
below  the  umbilicus.  A  thrill  could  be  detected  at  the  npper  part  of  the  toinor,  but 
not  at  the  lower. 

The  patient  was  gradually  failing. 

The  only  case  of  treatment  of  abdominal  aneurism  by  galvano-fmncture  recorded  ar 
that  time  was  that  of  an  Italian  nobleman,  a  patient  of  Dr.  Felice  Dell'  Acquia.*  lo 
this  case  the  patient  died  directly  after  the  operation  from  rupture  of  the  aueurismal 
sac,  caused  by  violent  muscular  contractions  while  under  the  influence  of  chloroform. 
Three  needles,  connected  with  a  voltaic  pile,  were  used  for  forty  minutes,  Only  a 
small  co.-iguIum  was  formed. 

March  30th,  1S71.  A  hollow  steel  needle  was  cautiously  introduced,  and  connected 
wiih  the  positive  pole,  while  the  negative  pole  was  applied  externally  by  means  of  a 
sponge.  Only  from  eight  to  twelve  tine-carbon  cells  were  used.  Drs.  Wood,  Sayre, 
and  Mason  made  digital  compreviion  to  the  aorta  below  the  umbilicus.  The  needle 
adhered  and  can^e  out  with  some  difficulty,  but  no  blood  followed.  Thi  bruxt  serm*d 
fainter  than  before  the  operation.  No  unpleasant  result  followed  except  some  pain 
that  was  produced  by  the  compression^  and  exhaustion  that  was  produced  by  the 
etherLuition. 

April  6th.  Operated  as  before,  but  with  two  positive  needles,  insulated  to  witlun 
«  shurt  di^iace  of  the  points.  One  of  the  neetUcs  was  hollow,  and  was  introduced 
until  itie  blood  flowed  throuj^h  it.  From  twelve  lo  sixteen  freshly  charged  zinc-carbon 
cells  were  used  for  twcniy-five  minutes.  The  solid  needle.was  more  acted  on  than  the 
hollow  needle,  being  nearly  destroyed  at  the  non-insulated  extremity.  No  compression 
was  used.  Before  the  operation  two  murmitrs  were  heard  ;  after  tfu  opfration,  bat 
one.  Patient  suffered  less  than  after  the  other  operation.  Some  irritative  fever  ap- 
peared.    Evidence  of  solidification  of  the  tumor. 

May  4th.  Six  positive  needles  were  introduced  ;  three  connected  with  a  dnc-carboo 
battery  of  seventeen  cells  with  larger  plates.  The  current  was  passed  for  forty-one 
minutes.     There  was  no  compression  of  the  aorta. 

June  2ad.  Patient  greatly  improved ;  gets  ap  and  dresses  herself.  Tumor  quite 
hard. 

Used  two  batteries  «£  in  previous  operation.  Eleven  needles  were  used,  and  th» 
current  was  passed  sixty-five  minutes.  There  was  less  irritation  after  Ihb  than  after 
the  other  operations.  The  tumor  became  harder,  but  not  smaller,  and  a  murmtir 
could  be  heard  only  with  great  difficulty. 

In  spite  of  the  improvement  in  the  condition  of  the  tamor  the  patient  grew  weaker 
and  weaker,  and  died  of  exhaustion,  July  iS,  1871. 

Post-mortem  examination  by  Dr.  Drake  revealed  the  surprising  fact  that  the  patjent 
hart  three  aneurisms :  one  of  the  arteria  innominata  about  twice  the  size  of  an  English 
walnut ;  one  of  the  aorta  opposite  the  sixth  and  seventh  corsal  vertebrae,  about  elevea 

*  Gflizetta  Medica  Itodiana,  Lombardia,  No.  38,  1870,  p.  317. 
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tnches  in  circumference  ;  and  the  one  operated  on,  which  was  found  to  arise  from  the 
interior  wall  of  the  aorta  at  the  origin  of  the  superior  mesenteric  This  aneurism  was 
•bout  twelve  and  a  half  inches  in  circumference.  In  all  three  of  the  aneurisms  organized 
light-colored  clots  were  found  The  one  operated  on  was  less  solid  than  the  others 
Thrre  was,  indeed,  no  evidence  that  the  gal vano- puncture  had  produced  any  perina- 
oeni  clot.  It  is  possible,  however,  that  it  caused  a  temporary  clot  that  was  wasted 
away  by  the  current  of  blood.  There  is  no  question  that  the  tumor  became  more 
totid  after  ihe  operation,  and  thai  this  solidification  %oas  attended  wit  A  diminution  9/ 
the  nausea  and  fain. 

Luigi  Ciniselli  *  has  written  a  monograph  on  aneurisms  of  the  tfuh 
rack  aorta  treated  by  galvano-puncture.  He  speaks  of  twenty-three 
cases.  Of  these  six  recovered,  sixteen  died,  and  in  one  case  the  result 
is  not  known.  Of  the  six  reported  as  cured,  one  relapsed  in  three 
months,  another  in  seventeen  months,  another  in  four  months,  but  was 
again  operated  on,  and  after  eight  months  there  had  been  no  relapse. 
Of  the  remaining  three  cases  one  had  not  relapsed  up  to  nine  and  a  half 
months,  another  had  not  relapsed  at  eight  and  a  half  months,  and  the 
last  remained  well  at  four  and  a  half  months. 

£\  re  has  reported  a  case  of  aneurism  of  the  left  external  iliac  artery 
by/(3rtff/<?-puncture.  Symptoms  of  inflammation  appeared,  but  after 
seventeen  days  the  tun)or  was  firmer,  and  evinced  less  pulsation.  The 
faradir  current,  however,  has  nothing  to  commend  it  for  the  treatment 
of  aneurism. 

Ciniselli  snccessfiilly  treated  on  aneurism  of  the  ascending  aorta  in  a  patient  forty* 
dx  years  of  age,  by  a  galvano-punclure.  Three  needles,  connected  with  a  voltaic 
pile  of  thirty  pair»,  were  inserted  in  the  third  intercostal  space  where  the  tumor  was 
prominent  and  (he  pulsation  strong.  The  operation  lasted  forty  minutes.  After  the 
operation  the  skin  over  the  tumor  was  red.  For  three  weeks  the  patient  kept  his  bed 
and  took  digitMis.     Forty-three  days  after  the  operation  he  left  the  hospital. 

Fifty-eight  days  after  the  operation  only  a  slight  prominence  remained,  and  no  pul- 
tations  could  be  seen.  Seventy-eight  days  after  the  operation  the  patient  resumed 
his  occnpation,  which  was  that  of  a  coachman. 

Varicose  Veins. — Varicose  veins  were  treated  by  galvano-puncture 
after  the  manner  of  aneurisms  many  years  ago. 

Bcrtani  and  Milani  experimented  in  the  treatment  of  varicx>se  veins 
by  galvano-puncture  as  far  back  as  1847.  These  observers  applied  a 
bandage  or  tourniquet  to  the  Hmb  to  diminish  the  blood  supply  before 
operating. 

*  SugU  aneurismi  dell*  aorta  toracica  finorm  trattati  colla  elettro-puntura.  Miliano, 
1870.  Quoted  in  Dr.  Keyes*s  paper  on  Practical  Electro-Therapeutics,  N.  V.  Medical 
foomal,  December,  1S71. 
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Bautngarten  and  Wertheimer  successfully  treated  a  severe  case  ol 
icose  veins  of  the  upper  extremity  up  to  the  acromion,  whence  the  evil 
seemed  to  spread,  over  the  trunk  The  patient  was  a  young  girl  The 
lirab  had  doubled  in  size. 

**  Baatngarten  and  Wertheimer  introduced  in  three  atiin^  at  an  tnterral  of  tvo 
or  three  days  each  time,  about  ten  needles  into  the  most  extended  veins,  placing;  a 
conductor  connected  with  the  negative  poie  in  the  band  of  the  patient,  at  the  same 
tiiTii' cnnnecting  all  the  needles  with  the  positive  pole.  The  operation  caused  bat 
little  pain.  After  a  few  minutes  the  needles  were  removed,  when,  ia  place  of  the 
diiated  veins,  full  remtant  cords  were  felt,  a  sure  sign  of  complete  coa^latioa. 
After  a  month,  the  greater  portion  of  the  veins  were  obliterated,  and  the  rolume  of 
the  limb  considerably  reduced ;  only  then  those  veins,  heretofore  of  normal  siiie,  be- 
gan to  dilate  a  little,  which  circumstance  can  exercise  no  influence  on  our  opoiioo  of 
this  modtu  9f*raHdiy  * 

For  the  treatment  of  varicose  veins  the  positive  pole  would  possibly 
be  better  than  the  negative  or  than  both  together,  and  for  the  reasons 
above  given.  The  space  within  the  enlarged  vein  is  comparatJvelj 
stnall,  and  the  small  clot  made  by  the  positive  pole  ought  to  be  sufficient 
to  obstruct  the  flow  of  blood  The  positive  clot  would  have  the  ad* 
vantage  of  firmness,  and  embolism  would  be  less  likely  to  follow  than  afta 
the  use  of  the  negative  pole. 

•  Merer,  op.  dt,  p.  471. 
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Strictures  of  the  W-rMrdr.— Electrolysis  for  strictures  was  first  used 
*:/  CfusstJ.  The  same  treatment  was  subsequently  employed  by  Wille- 
^rand  w;)d  Wertheimer. 

The  method  of  Willebrand  was  to  introduce  to  the  stricture  a  metallic 
jound,  insulated  up  to  the  tip,  and  to  connect  this  with  the  negative 
pole,  while  the  positive  was  held  in  the  hand  of  the  patient.  The  ap- 
pliratjon  was  continued  for  ten  or  twenty  minutes,  and  the  cure  was 
aurcomplished  in  eight  or  ten  days. 

The  subject  was  afterwards  studied,  though  not  with  special  succesi^ 
by  Jaksch  and  Leroy  d'EtioUes. 

The  first  important  and  successful  results  in  the  electrolytic  treat- 
ment nf  structures  of  the  urethra  were  obtained  by  Mallez  and  Tripier, 
in  1867.  • 

Their  method  of  treatment  was  to  introduce  an  insulated  sound  with 
a  metallic  extremity  to  the  seal  of  the  stricture,  connecting  it  with  the 
negative  pole,  while  the  positive  was  applied  to  the  inner  side  of  the 
thigh  by  a  moistened  sponge  electrode. 

At  the  commencement  of  the  operation  the  patient  feels  a  pricking 
sensation.  This  sensation  becomes  less  and  less  marked.  The  me- 
tallic extremity  is  then  passed  along  until  all  parts  of  the  stricture  are 
affected.  After  the  operation  a  catheter  can  be  introduced  without 
difficulty. 

The  operation  lasts  about  five  minutes ;  from  one  to  five  applications 
are  necessary.  In  the  majority  of  the  thirty-one  cases  treated  by  Malle* 
and  Tripicr,  as  they  claim,  one  application  was  sufficient 

The  diameter  of  the  urethra  seems  to  increase  slightly  for  a  few  day» 
succeeding  the  operation,  and  in  some  cases  an  eschar  was  thrown  off 
in  a  few  days  after  the  operation. 

*  De  U  Gutriion  durmbfe  des  Ritrdcissements  de  rUrithre,  par  la  Galvano-Caastiqiic 
Chlimque,  Pam,  1867.    The  term  "  cktmicai  jahwuf-cautery,'*  used  by  these  author^ 
ii  tjrooi»vi»««>M  with  eitetroiysis. 
46 
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Experiments  made  in  Charity  Hospital  by  Drs.  Keyes  and  Beard,*  a  \t 
the  experience  of  Dr.  Rockwell  in  private  practice,  do  not  entirely 
»A)nfirm  the  results  given  by  Mallcz  and  Tripier,  although  substantially 
the  same  method  was  used.  The  operation  was  found  to  be  paxnfu.' 
oftentimes,  and  the  results  not  always  satisfactory,  as  the  following  record, 
which  is  a  fair  sample,  will  show. 

Case  CCXVII.— F.,  aged  forty,  general  health  excellent.  First  gonorrhoea  at 
twenly-secoDd,  second  at  thirty-eighth  year  of  age.  Stream  became  gradually 
reduced  until  Jan.  ii,  1871,  at  whici)  time  he  bad  complete  retentton  for  fifteen 
hours,  relievetl  by  hot  baths.  The  patient  entered  the  hospital,  and  was  reateti 
by  dilatation. 

February  6th.— Examination  detects  the  following  strictures  (orifice  admits  14 
easily) :  At  oritice,  stricture  (linear)  arresting  No.  14  Mft  bulbous  suund.  At  Jhk> 
and  a  half  inches,  stricture  (linear)  arresting  No.  12.  At  five  inches,  Ktricture,  one-third 
inch  long,  arresting  No.  9.  Current  from  ten  cells  wa«  passed  through  second  r  ric- 
Cure  fur  live  uiinuies.  A  good  deal  of  pain  complained  of.  Current  from  ten  r-eila 
wa-s  passed  through  lower  slriclure  for  ten  minutes. 

No.  12  bulbous  sound  passed  easily  into  the  bladder  aAcr  the  operati^D. 

March  ^.th. — No  slough  has  been  po-ssed.  No.  9  steel  sound  is  grasped  by 
•triclu.e. 

March  rsth.^ — (Using  my  own  instrument  with  steel  bulb  15^         .) 

Stricture  at  the  orifice  ;  fifteen  cells;  five  minutes ;  bulb  passed.  Structure  at  two 
and  a  half  incheii ;  sixteen  cell.<> ;  ten  minutes ;  bulb  passed.  Stricture  at  6ve  inches ; 
sixteen  cells;  thirteen  minutes^  butb  parsed.  A  little  blood  was  lost  at  this  opera- 
tion, and  a  good  deal  of  pain  was  felt  afterwards.  No  slough  was  passed.  The 
orifice  swelled  and  becaiue  hard  and  inflamed.  Patient  refused  to  follow  up  th« 
treatment  or  to  be  examined  further. 


Dr.  Robert  Newman  reports  far  more  satisfactory  results  in  the 
treatment  of  strictures  of  the  urethra.f 

The  leading  and  distinctive  features  of  his  method  are  these  :  i.  The  use 
of  very  mild  galvanic  currents,  just  perceptible  to  the  patient,  and  from 
three  to  five  minutes  in  duration.  Like  other  observers  he  uses  the 
negative  pole.  The  instrument  should  be  held  loosely  against  the  ob- 
struction, and  no  pressure  should  be  used,  and  no  force  whatever.  2. 
Long  intervals,  from  two  to  four  weeks,  between  the  applications. 

Dr.  Newman  insists  on  a  careful  preliminary  diagnosis  of  the  nature 
and  exact  seal  of  the  stricture.  He  operates  with  bougies  provided 
with  metal  bulbs  of  various  sizes.  Unless  the  stricture  is  too  timi 
or  fibrous  he  uses  a  bougie  which  is  three  or  four  times  latger  than  the 
stricture.     After  he  has  ascertained  by  measurement  the  exact  locality 

•  From  article  of  Dr.  Keyes  in  the  N.  Y.  Medical  Journal,  December,  1871. 
\  Arcf  lives  of  Electroiogy  and  Neurology,  May,  187  ^  p.  18. 
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of  the  stricture,  he  pusiies  a  small  india-rubber  ring  over  the  bougie,  at 
such  a  distance  from  the  end  that  when  the  ring  reaches  the  meatus 
he  will  know  that  the  bulb  is  in  contact  with  the  stricture,  and  then 
he  is  assured  that  the  electricity  acts  only  on  the  stricture. 

Dr.  Newman  regards  a  patient  as  cured  when  a  No.  12  English 
sound  can  be  passed  without  trouble.  He  claims  to  have  treated  in 
this  way  over  thirty  patients,  and  that  his  results  have  been  uniformly 
good,  and  for  the  reason  in  part  that  he  has  selected  his  cases.  He 
does  dot  claim  that  all  strictures  can  be  treated  successfully  in  this 
way,  but  states  that  some  of  his  cases  were  bad  and  complicated.* 

7\m>  strictures— Chancroid — Failure  0/  dilatation — Suctess  with  electrofyris. 

R.  A.,  hotel-keeper,  caroe  under  treatment  in  March,  1872.  Had  been  treated 
b  the  country  for  strkture  by  dilatation,  with  no  success.  Found  a  chancroid 
in  the  urethra,  which  was  treated  first.  The  two  strictures  were  found  situated  at 
one  and  a  quarter  and  four  and  a  hair  inches  from  meatus  respectively. 

March  23.  Electrolysis  was  used  with  a  bougie  No.  10,  with  a  metal  bulb  as  ne- 
gative ;  positive  electrode  in  the  palm  of  the  hand.  Ten  cells  of  the  galvanic  battery 
were  used  for  nine  minutes,  and  the  bougie  passed  slowly  through  the  strictures  into 
the  bladder. 

April  14.  The  operation  was  repeated  with  a  bougie  No.  la.  The  patient  hu 
been  heard  from  recently,  and  has  not  had  a  relapse. 

On*  itrictt^e^  spermatorrheta,  impotence,  melancholia. 

March,  1S72. — R.  S.»  a  merchant  of  Philadelphia,  came  to  my  ofl5ce  in  an 
advanced  stage  of  hypochondriasis,  complaining  of  general  malaise,  fpermatorrhoea, 
impotence,  sntall  stream  of  water,  pain  in  the  urethra,  etc  A  steel  sound 
No.  12  entered  the  urethra  easily,  but  was  arrested  at  seven  bches.     Sounds  of 

•  Dr.  Newman  gives  the  following  bibliography  of  the  subject : 

Mallez  et  Tripicr,  **  Traitement  des  R6tr6cissemeQls  Ur6traux  par  la  Galvano 
Cau«tique  Chimiquc  Negative,  Compte  Rendu  de  I' Acad,  des  Sciences.  Bulletin 
Th^rapeutique,  Mai  30.     Med.  5S. 

Mallet  et  Tripier,  "  De  la  Gu^rison  durable  des  R^6cissements  de  TUrJithre  pv 
in  Galvano-Caustique  Chimique." 

Althaus,  in  Goeschen's  "Deutsche  KUnik,"  No.  34-36,  "Hcilungder  Hamr5h- 
ren-Stricturen  durch  die  Electrolyse." 

Keyes,  "  Electrolytic  Treatment  of  Stricture  of  the  Urethra."  New  York  Mediod 
Journal,  DecemV>er,  187 1. 

Bautisto  Campos:  "  De  la  Galvano-Caustique  Chimique  comme  moyen  da 
Traitement  des  R6tr6cissement  de  l'Ur*thre."     Paris,  1871. 

Dutrieux,  "  De  la  Galvano-Caustique  Chimique  dansle  Traitement  de*  Ritr^dae 
ments  Organic  de  I'Urithre."     Press.  Med.  Beige,  No.  25,  187a. 

Mallet  et  Tripf »,  London  Lancet,  October,  1871. 

"Multiple  Strictures  of  the  Urethra  treated  by  Electrolysis,"  by  T.  F.  Fr>nk» 
1C.D.,  Medical  Record,  February  ad,  1874.  page  6a. 
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unaJter  sue  were  ■]]  arrested  likewise  at  the  same  place.  There  is  no  dotibt  that  t 
stricture  exists,  and  at  last  a  sound  No.  7  passed  it  with  difHcuUy.  The  trouble  vamt 
txxat  either  *t  the  junction  of  the  membrftnous  and  prostatic  pottion,  or  in  the  lat- 
ter only.  (Jalvanistn  was  used  with  ten  ceils.  Bougie  No.  10,  with  the  usual  metal- 
lic end  as  negative  into  the  urethra,  ract  the  same  obstruction  at  seven  inches.  The 
positive  pole  was  a  nickel  bulb,  and  grasped  firmly  witli  the  closed  band.  After  bve 
minutes  of  electrolytic  current,  the  bougie  pAssed  the  stricture  idowly  and  slipped  into- 
thc  Hnddcr.  The  withdrawal  of  the  bougie  was  followed  by  a  thick,  gleety  dis- 
charge. It  seems  that  thb  matter  had  accumulated  behind  the  stricture,  irritated  the 
prostatic  portion  and  the  ducts,  and  thereby  was  accessory  to  creating  a  s|)erTnator- 
rhcea.  On  passing  water,  shreds  came  along  of  a  thick  white  mass,  which  were  the 
product  of  electroly^s.  The  operation  has  not  caused  any  pain,  and  the  palieni 
travelled  home  without  unpleasant  feeling. 

j4/ri/  lO.  On  examination  with  a  sound  No.  10,  found  the  stricture  at  the  caud 
place ;  ihi  sound  passed  the  stricture  after  persistent  and  patient  efforts. 

Then  the  galvanism  was  used  as  before,  with  a  boogie  No.  12  as  negative,  and  witi 
the  same  result 

May  9.  In  Philadelphia,  a  sound  No.  12  could  be  easily  passed  mto  the  Madder 
which  proves  that  the  stricture  is  cured.  The  patient  has  been  kept  under  observ» 
tion  lor  two  yeara,  and  has  been  seen  only  two  weeks  since.  He  is  perfectly  well: 
has  married  since*  and  is  the  father  of  a  healthy  child. 

Cask  CC.X  VIII.— J.  A.,  aged  forty.  Two  attacks  of  gonorrhoea  in  1856  and  1S69. 
Oritic?  admits  18.  Double  linear  stricture  in  first  half-inch,  admitting  13  bulbouc 
sound.  From  one  and  a  quarter  to  six  inches  from  the  meatus  the  whole  urethra  ii 
stiff  and  rigid. 

It  grasps  No.  13  steel  sound  throughout.  At  six  bches  a  !^ort  stricture  e>*sts^ 
through  which  No.  1 1  passes  into  the  bladder. 

FtS.  21,  1S71.  Steel  bulb  15^;  six  to  sixteen  cells,  gradually  increasing.  First 
Rtrioture  passed  in  one  and  a  quarter  minutes. 

In  half  a  minute  more,  lowest  sirictare  was  reached.  In  half  a  minute  lowest  stnc' 
ture  was  passed.     Some  blood  followed. 

March  4.  Steel  sound  No.  13  passed  into  bUdder.  No.  16  was  grasped  and 
would  not  go.     Patient  left  the  hospitaL 


Case  CCXIX. — S.  F.  P,,  aged  sixty.  Gonorrhoea  at  eighteen,  another  at  twenty. 
In  1S36  he  entered  a  hospital  to  be  treated  for  stricture,  and  was  gradually  dilated  to 
12.  In  I S60  forcible  dilatation  was  practised  under  chloroform.  He  neglected  to 
pass  instruments  for  himself,  and  had  to  be  treated  again  in  1S64,  this  time  by  gra- 
dud  dilatation.  Since  then,  he  passes  No.  3  soft  bougie  "every  time  he  makes 
water,"  but  he  does  not  pass  it  into  the  bladder.  On  examination,  I  find  stricture 
commencing  at  two  inches  from  meatus,  and  continuing  indefinitely  as  far  as  could  be 
ascertained.  Only  a  No.  3  bougie  could  be  passed  into  the  bladder.  Urethra  feels 
fo::tside)  like  a  fibrous  cord. 

March  16.  Steel  bulb  6;  sixtem  ceils;  twenty  minutes ;  no  progress;  batteri^ 
teemed  very  weak. 

Spasmodic  StrUture, — This  condition  may  be  relieved  by  the  faradk 
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current,  which  by  its  mechanical  action  probably  has  the  effect  to  relax 
the  parts. 

Dr.  Chadsey*  reports  a  case  of  retention  of  urine:,  of  two  days'  standing,  in  1844, 
caused  by  bard  work  and  exposure  to  cold,  that  he  treated  successfully  by  faradintion. 
The  stricture  was  about  two-third*  of  the  distance  from  the  penis  to  the  bladder.  No 
kind  of  catheter  could  pass.  The  positive  pole  of  a  faradic  apparatus  was  applied 
against  the  stricture  for  twenty  minates  by  means  of  a  knitting-needle  in  a  gum  elas- 
tic catheter.     The  retention  was  completely  relieved- 

Dt.  Chadsey  states  that  he  has  met  with  partial  success  in  other  similar  cases. 

In  this  case  the  result  was  probably  due,  in  the  main,  to  the  mechan- 
ical etfects  of  the  current,  and  not  to  any  electrolytic  action. 

Stricture  of  the  (Esophagus. — This  terrible  condition  might  yt.i^  ap> 
propriately  be  treated  by  electrolysis.  Althaus  suggests  that  the  oeso- 
phageal electrode  should  be  applied  to  the  seat  of  the  stricture  and  con- 
nected with  a  negative  pole,  while  the  positive  is  applied  to  the  neck  01 
back.  From  fifteen  to  thirty  cells  would  probably  be  required.  Dr. 
Frank  informs  us  that  he  treated  successfully  a  case  of  spasmodic  stric- 
ture of  the  cEsophagus,  by  the  galvanic  current,  applied  by  means  of 
an  oesophageal  electrode. 

*  New  York  l|«dkal  Jonmal,  F^iniary,  1869^  p|x  574,  C75. 
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CHAPTER  VIL 

UUERS,    FISTULA  AND   SIKUSSS. 

UUers — Bedsores. — ^The  earliest  attempts  to  treat  alcem  by  dee 
tricity  were  made  by  Crussel,  in  1847. 

The  same  treatment  has  been  used  in  syphilitic  ulcers  by  Kyber, 
Cronstadt,  Rosenberger,  of  St.  Petersburg,  and  in  the  majority  of  thi 
reported  cases  with  success. 

Ulcers  may  be  treated  with  both  currents  by  means  of  metallic  diskt 
or  plates  covered  with  soft  sponge.  Galvanisation  serves  to  cure  io 
such  cases  partly  by  its  electrolytic  effects.  One  electrode  may  be  ajK 
plied  to  the  ulcer,  and  the  other  to  the  nearest  large  nerve-branch  #r 
plexus^  or  to  the  sympathettc  or  spinal  cord.  The  applications  should 
not  be  excessively  painful.  In  some  cases  decided  results  may  follow 
a  single  application  of  electricity  to  an  ulcerated  surface.  In  a  case  of 
an  uker  in  the  leg  of  a  girl  eight  years  of  age,  one  faradization  with  a 
current  of  moderate  strength  so  improved  the  nutrition  of  the  parts  that 
healing  at  once  commenced,  and  in  a  short  time  entire  recovery  took 
place  without  any  further  treatment  Ulcers  may  also  be  cauterized  b; 
the  galvano  cautery. 

In  tlie  treatment  of  ulcers,  and  indeed  of  many  conditions,  it  is  a  con 
venience  to  have  one  electrode  kept  in  a  fixed  position  without  the  aid 
of  the  physician  or  of  an  assistant.  For  this  purpose  the  adjustable 
electrodes,  provided  with  a  rubber  belt  which  can  be  passed  around  the 
limbs  or  body,  are  convenient.  J 

Ulcers  may  also  be  treated  by  prolonged  applications  with  the  soS 
called  "  body  batteries."     A  disk  of  zinc  connected  by  a  wire  with  a 
disk  of  silver.     Either  the  zinc  or  the  silver  disk  may  be  applied  ore 
the  ulcer,  and  the  circuit  completed  by  one  disk  on  an  indifferent  point, 
or  in  case  there  are  two  ulcers,  one  may  be  covered  with  the  silver  disk 
and  the  other   with    the  zinc  di?k.     These  disks  may  be  kept  in 
tion  and  worn  all  the  time,  or  only  at  night 

Garrett's  electric  disk  may  also  be  used  for  the  same  purpoge. 

The  results  of  these  prolonged  applications  are  most  excdtent, 
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pedally  in  bed-sores.     We  have  known  them  to  fail,  however,  in  very 
bad  cases,  and  notably  when  great  debility  existed. 

Indolent  uU<r  of  tke  arm  ;   rtccniery  tinder  local gaJvanitation. 

Case  CCXX. — Mary  H.,  aged  forty,  while  moving,  May  i,  1S71,  fell  and  to- 
jured  the  arm  immediately  above  the  external  condyle.  The  pain  was  excessive  and 
continued  to  disires  her  for  several  weeks,  when  a  small  ulcer  made  its  appearance  and 
enlarged  until  it  was  two  inches  in  diameter. 

The  patient  applied  for  treatment,  July  iS.  The  ulcer  was  covered  with  a  dark- 
colorecl  scab  three-fourths  of  an  inch,  partly  lifted  from  its  resting- place  by  exuberant 
and  unhealthy  pranulAtions. 

The  scab  was  removed,  and  a  wet  cloth  in  connection  with  the  positive  pole  t»«i 
applied  to  the  diseased  part,  while  the  negative  was  placed  on  an  indifferent  but  ajv 
proximate  parL  Tiie  galvanic  current  was  used.  She  suffered  no  more  pain  after  tba 
Mcond  tiafttt,  and  as  the  applications  were  repeated  the  ulcer  rapidly  healed,  until 
Augost  30^  when  the  part  was  covered  by  sound,  healthy  skin. 

Sy/JU/itu  ulcer  ;  recovery  foUews  three  ofiertttiatu  by  electrolysis. 
Cask  CCXXl  —Catherine  MctC,  aged  forty,  snliered  three  years  since  from  a 
number  of  syphilitic  tubercles  and  ulcers  about  her  hips,  thighs,  and  vulva.  They  per- 
sisted along  time  and  gave  her  much  annoyance,  but  finally  healed,  with  the  exception 
of  one  on  the  inside  of  tlie  thigh.  It  was  elevated  nearly  one-half  an  inch  above  the 
Murrotioding  surface,  was  excessively  painful,  and  discharged  an  offensive  secretion.  A 
needle  counected  with  the  piosilive  pole  was  passed  through  the  base  of  the  elevation, 
and  a  current  of  moderate  tension  allowed  to  pass  for  a  few  moments.  This  applica- 
tion  dissipated  all  pain,  and  after  the  third  tiante,  given  several  weeks  after  the  first, 
•oon  healed,  and  the  patient  was  discharged  from  the  Dispensary. 

Anal  Fistula  of  long  standing  treated  by  galvaniutitn  -with  both  poles — Relief 

of  pain. 

Case  CC.XXII— A  case  of  fistulx.  at  and  near  the  anus  in  a  shoemaker,  was 
brought  to  OR  by  Dr.  Russell,  of  Brooklyn.  The  patient  had  a  fistula  wiih  four  open- 
ings— one  in  the  rump  and  the  others  at  the  border  of  the  anus.  The  origin  of  the 
difficulty  was  local  injury.  The  patient  had  once  been  operated  on  with  the  knife 
without  permanent  relief  Examination  had  made  it  pretty  clear  that  necrofted  boM 
was  the  cauM  of  the  fistula,  and  kept  up  the  constant  discharge. 

We  first  electrolyzed  away  with  the  long  cutting  needles  the  painful  protuberances 
Rt  the  orifice,  near  the  anus.  The  removal  of  the*e  caused  great  relief,  and  enabled 
the  patient  to  sit  down  and  to  resume  his  occupation.  We  then  placed  long,  polished 
rtecl  conductoni  into  the  opening  in  the  nimp,  connecting  them  with  the  negative 
or  positive  pole,  using  the  positive  when  the  hemorrhage  was  greatest.  The  con- 
ductors were  introduced  up  to  the  bone.  Strong  currents  were  borne,  and  great  re- 
lief obtained  of  the  pain  and  uneasiness,  but  no  permanent  cure. 

GalvanoOsonitation. — This  is  a  term  employed  by  Dr.  A.  Murray, 
Ot  New  York,  to  designate  the  combined  action  of  ozone  and  the  gal- 
vanic current  in  the  treatment  of  ulcers.     He  claims  that  his  experi 
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ments  ihow  that  ozone  is  generated  at  the  positive  pole  when  the  gal- 
vanic current  is  applied  to  an  ulcer,  and  that  the  ozone  thus  generated 
has  a  curative  effect  on  the  ulcer,  and  aids  the  other  action  of  the  current 
For  this  reason  he  r^ards  the  positive  pole  superior  to  the  negj^ 
tnre  in  the  galvanic  treatment  of  ulcers,  fistnlse,  and  so  fiortfa. 
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Stumps  after  amputation  that  are  slow  to  beal  have  been  succeGS&U| 
treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Geo.  K.  Smith  and 
by  Dr.  Snively,  of  Brooklyn. 

Hxmatoceh. — Haematocele  of  the  pelvis  or  pudenda,  or  of  other  por^ 
tions  of  the  body,  may  be  treated  electrolytically,  like  erectile  tumors, 
and  by  ordinary  faradization. 

Gangrene, — Gangrene  may  be  treated  electrically  in  various  ways, 
but  especially  by  electrolysis  and  galvano-cautery. 

Carbuncles  and  Furuncles. — Dr.  Rockwell  demonstrated  long  ago 
that  faradization  was  capable  of  hastening  suppuration,  and  we  have 
frequently  utilized  this  fact  in  the  treatment,  not  only  of  carbuncles 
and  furuncles,  but  of  various  other  forms  of  abscesses.  Dr.  Sass  in- 
forms us  that  a  number  of  years  since  he  used  this  treatment  in  two 
instances  with  good  effect. 

Burns. — Bums  in  a  subacute  stage  might  not  unlikely  be  helped 
toward  recovery  by  faradization  or  galvanization. 

Frost  bite  (Chilblains), — In  the  first  edition  of  this  work  we  stated 
that  we  were  not  aware  that  any  attempts  have  been  made  to  treat  chil- 
blains by  electricity,  but  that  it  certainly  would  not  be  irrational  to  try 
the  power  of  galvanization  in  this  disease.  Successful  results  have  been 
recently  reported  by  various  observers.  Chilblains  are  to  be  treated  like 
ulcers. 

Synovitis. — In  effusions  of  an  acute  and  very  sensitive  character, 
electricity  is  usually  not  indicated,  but  in  the  subacute  and  chronic 
forms  it  is  of  great  efficacy.  The  treatment  should  be  directed  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in  each  case. 

The  treatment  of  those  cases  that  depend  on  rheumatism,  or  hysteria, 
should  be  constitutional  as  well  as  local.  In  some  cases  general 
faradization,  with  special  attention  to  the  affected  joint,  is  sufficient ;  in 
others  the  general  treatment  is  sensibly  aided  by  galvanization  or  fara- 
dixation  of  the  joint. 
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Whe tiler  the  galvanic  or  faradic  current  is  to  be  preferred  for  local 
a{jpUcations  can  only  be  detertntned  by  the  results  of  trial.  Our  cus- 
tom is  to  begin  with  the  faradic  current,  and  to  use  it  so  long  as  benefit 
results,  and  then  to  change  to  the  galvanic.  It  should  be  borne  ii> 
njind  that  the  greater  chemical  effects  of  the  galvanic  current  are  in 
these  cases  frequently  more  than  counterbalanced  by  the  powcrfttf 
mechanical  action  of  the  faradic  Stable  increasing  currents  are  to  be 
preferred. 

This  is  one  of  the  conditions  in  which  localized  galvano  faradizatior 
(see  p.  266)  may  be  tried.  The  electrical  treatment  of  eflfusions  of 
the  joints  is  much  aided  by  using  the  hands  as  an  electrode,  with  gen 
tie  but  firm  manipulation.  There  is  no  question  that  under  the  influ 
ence  of  "  rubbing  "  have  been  wrought  many  important  cures  in  these 
affections. 

Electrolysis  has  been  successfully  employed  in  effusions.  It  may  be 
resorted  to  in  all  obstinate  cases. 

Synovitii  of  tht  knee,  complicated  with  hemiplegia — Recovery  under  far  aditation, 

CasbCCXXIII,— Mr.  Geo.  L,  aged  35,  stated  that  about  the  ist  of  July,  1S66,  be 
wa&  sunstruck;  and  between  the  20th  of  the  same  month  and  the  15th  of  Auj^ust,  be 
sufTered  from  three  strokes  of  hemiplegia,  resulting  finally  in  total  blindness.  Ilia 
sight  gradually  returned,  Itut  by  decrees  his  shoulders  became  lame  and  stiff",  so  that 
he  could  wi'h  difficulty  use  them.  This  state  of  things  continued  until  about  the  mid- 
dle of  September,  when  both  knees  and  ankles  commenced  to  enlarge.  In  November^ 
when  the  patient  applied  to  us  for  treatment,  we  found  him  suffering  from  severe  sub- 
acute synovitis.  Both  knees  were  enormously  swollen,  the  fluid  having  accumulAted 
to  such  an  extent  that  the  patellae  projected  forward  more  than  an  inclu  FournppUca* 
tions  of  the  faradic  current  xvere  given,  one  every  day,  but  with  no  marked  eiTect,  ex- 
cept that  the  lameness  of  the  shoulders  and  ankles  was  much  relieved. 

He  then  left  the  city  and  was  absent  one  week.  On  his  return  the  improvement 
was  found  to  be  very  great.  The  accumulation  of  fluid  in  the  knees  had  almost  entirel/ 
disappeared,  and  tlie  swelling  was  reducol  in  proportion.  At  6rst,  the  strongest  cur- 
rent from  Kidder's  apparatus  made  no  impression,  when  applied  down  the  spine  The 
legs  were  but  little  sensitive  to  the  electric  stream,  and  the  feet  and  toes,  which  are 
generally  very  readily  affected,  were  remarkably  torpid.  The  applications  were  con- 
tinued on  Dec  3d,  4th,  5lh,  7th,  and  9th,  elTectually  removing  this  want  of  sensation, 
■ad  completely  dissipatmg  the  remaining  swelling  and  tenderness  of  the  kTiee& 

Hydrocele, — Electro-puncture  was  first  tried  for  hydrocele  by  Schuster 
in  1839. 

The  metliod  is  to  introduce  the  needle  into  the  tumor  at  opposite 
sides,  and  so  deep  that  the  points  nearly  approach  each  other.  The 
needles  are  then  attached  to  from  three  to  six  elements  of  a  galvanic 
battery.   The  application  should  he  made  for  five  or  ten  minutes.    One 
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two,  or  three  applications  usually  suffice  to  complete  a  cure.  The 
same  treatment  has  been  successfully  employed  by  many  others. 

Successful  results  from  the  faradic  current  have  been  reported  by 
Burdel,  Deletanche,  Lehmann,  and  Thevissen.  The  galvanic  is  un- 
doubtedly the  current  to  be  employed  in  such  cases. 

Hydrocele,  in  short,  should  be  treated  electrically  like  cystic  tu- 
mors. The  great  end  to  be  accomplished  is  not  the  withdrawing;  of 
the  fluid,  which  can  be  done  with  the  ordinary  trocar,  but  the  stimula- 
tion of  the  membrane  of  the  sac,  so  that  absorption  shall  take  place 
and  the  fluid  not  again  collect.  Many  of  the  failures  that  have  oc- 
curred in  the  treatment  of  hydrocele  have  been  due  to  a  misapprehen- 
sion of  this  fact.  Dr.  Frank  has  combined  the  use  of  galvano-cautery 
with  electrolysis  in  the  treatment  of  hydrocele.  In  some  cases  there 
will  be  a  return  of  the  disease  even  after  electrolysis. 

Spraim  {strains), — Sprains  of  joints  of  all  kinds  maybe  treated  by 
electricity;  faradization  and  galvanization  of  the  affected  part  with  a 
mild,  stable,  or  gently  labile  current  are  indicated.  We  have  in  this 
way  treated  all  stages  of  sprains — acute,  subacute,  and  chronic — and 
almost  uniformly,  thus  far,  with  beneficial  or  curative  results.  We 
have  not  been  able  to  decide  which  current  is  preferable. 

Sprains  in  the  acute  stage,  or  just  ()assing  into  the  subacute  stage, 
should  be  treated  by  very  mild  currents  and  by  short  applications. 

In  such  cases  no  electrode  is  so  agreeable  as  the  hand  of  the  ope- 
rator gently  passed  over  the  painful  part. 

We  have  treated  a  number  of  cases  of  sprains  of  the  wrist  in  patients 
who  are  engaged  in  manual  employments.  In  such  conditions  the 
localized  application  of  the  faradic  current  alone  rapidly  brings  on 
the  recovery. 

StratNs  of  muicfex  with  rupture  of  fibres,  so  far  as  our  limited  ob- 
servation goes,  do  not  yield  to  electrical  treatment.  In  the  few  cases 
where  we  have  perseveringly  used  faradization  and  galvanization  we 
have  not  been  able  to.see  that  the  slow  improvemeat  was  in  any 
degree  hastened. 

Lament  St  and  stoelHng  caused  by  a  tfiftum — XeHevtd  by  litcai  f^rtdiwoHon, 


Case  CCXXIV. — The  power  of  the  faradic  current  to  allay  irritation  and  relieve 
laxneoess,  in  case*  of  sprains  or  injuries  was  well  illustrated  in  the  case  of  a  Mrv  B., 
I  directed  io  as  by  Dr.  Ki&sam.  Her  foot  was  heavily  pressed  upon  by  the  rocker  of  a 
diair,  and  caused  ^uch  ecchymosis.  pain,  swelling,  and  lameness,  that  for  two  months 
abe  was  unable  to  walk  more  than  from  her  houiMf  to  her  carriage.  The  faradic  cur- 
rent, applied  over  and  around  the  foot  a  number  of  times,  relieved  most  decidedly  the 
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■welling  and  lameness,  and  enabled  the  patient,  in  a  few  weeks,  to  eserdse  in  waDciiY 
«rithout  serious  difHculty. 

Spondylitis  {Potts  Disease). — Spondylitis  is  a  term  that  is  applied 
to  inflammation  of  the  vertebrae.  Among  its  symptoms  are  at  first 
changes  in  shape  of  the  spinal  column,  obstinate  gastralgia,  or  neuralgic 
pains  in  the  breast  and  various  parts  of  the  body,  and  subsequently  pro* 
jcction  of  the  diseased  vertebrae,  deformity  of  the  spine,  peculiar  attitude 
and  paralysis,*  sensitiveness  of  certain  vertebrae,  and  spontaneous 
pains  in  the  spine,  f 

The  form  in  which  it  appears  is  in  the  cervical  and  upper  dorsal  verte- 
b*a,  with  the  symptoms  of  neuralgia  in  the  arm,  or  neck,  or  lowei 
limbs.  Some  cases  of  torticollis,  and  even  of  chorea,  may  depend  on 
disease  of  the  vertebra.  Other  symptoms  are  paralysis,  atrophy,  or 
contraction  of  certain  muscles.  In  many  cases  of  inflammation  of  the 
vertebra  the  nature  of  the  disease  is  not  suspected,  because  the  changes 
in  the  form  of  the  spinal  column  and  the  immobility  of  tlie  vertebra  only 
appear  after  the  morbid  process  had  made  considerable  advance. 

In  making  the  diagnosis  it  should  be  considered  that  the  appearances 
of  the  spine,  which  are  usually  regarded  as  evidences  of  spondylitis, 
may  arise  from  paralysis,  or  atrophy  of  the  muscles,  with  contractions 
of  the  antagonists. 

The  treatment  consists  in  galvanization  of  the  affected  vertebrae, 
the  positive  pole  being  placed  over  the  scat  of  the  disease,  and  the 
negative  at  some  point  above  or  below.  The  results  are  sometimes 
beneficial. 

Spinal  Curvature, — Lateral  curvature  of  the  spine,  depending  on  re- 
laxation of  the  muscles  and  ligaments,  and  associated  with  general  de- 
bility, is  a  condition  for  which  general  and  localized  faradization  and 
galvanization  of  the  sympathetic  are  well  indicated,  and  in  which  they 
have  wrought  most  important  results.  General  faradization  alone  is 
pretty  sure  to  be  of  service,  both  in  raising  the  tone  of  the  system  and 
in  permanently  relieving  the  curvature.  The  •electrical  treatment  may 
be  used  in  connection  with  mechdinical  appliances, 

Pseudo-arthrosis  {Ununited  Fraefure). — Bunnan  obtained  a  good  re- 
Btilt  from  electrical  treatment  of  a  transverse  portion  of  the  tibia  and 
fibula.  After  the  lapse  of  a  month  the  bones  had  not  united.  A 
bandage  was  applied  and  a  current  (whether  faradic  or  galvanic  is  not 


•  See  p»pa  on  DifferentUU DiagnoHt  of  Diteases  o/tkt  Spine,  by  Chai.  F.  Tajlor. 
M.D. 
f  Benedikt,  op.  cit.,  312. 


HERNIA— MORBUS  COXARIUS. 


stated)  was  applied  for  half  an  hour  by  two  needles.  Suppuration  fol< 
lowed,  calljs  was  formed,  and  entire  recovery  took  place. 

Hall  also  obtained  a  successful  result  in  a  fracture  of  the  thigh 
by  the  same  treatment  The  operation  was  repeated  daily  for  two 
weeks. 

Hahn  also  reports  a  successful  result  from  electro-puncture  in  a  case 
of  fracture  of  the  thigh.  He  used  at  hrsl  magneto-electricity,  and  sul> 
lequently  the  galvanic  cyrrent.  No  improvement  followed  the  use  ol 
magneto-electricity,  while  the  galvanic  current  brought  on  inflaramation 
ID  six  da)s.  The  inflammation  thus  excited  produced  a  union  of  the 
fracture  in  ten  days. 

We  treated  a  case  of  ununited  fracture  of  femur  at  the  Long  Island 
College  Hospital.  Insulated  needles  were  used,  and  very  strong  cur- 
rents. Inflammation  was  excited,  and  some  improvement  was  mani- 
fest, but  the  bones  were  so  far  apart  that  it  was  found  necessary  for  the 
surgeons  to  operate  in  the  usual  manner. 

Hernia. — Delaux  reports  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  operation.  Tumor  disappeared 
after  a  few  applications.  The  first  application  was  directed  to  the  her- 
nia, and  in  the  other  applications  one  pole  was  applied  to  the  hernia 
and  the  other  in  the  rectum.  Before  electrical  treatment  was  tried  the 
patient  was  growing  worse.  Faradization  might  give  tone  to  the  weak- 
ened muscles  in  reducible  hernia,  and  for  this  purpose  we  have  em- 
ployed it  in  a  single  instance ;  of  the  results  we  have  not  been  in- 
formed. 

Morbus  Coxarius  {Disease  of  the  Hip-joint).— ^\C\%  condition  may 
be  treated  electrically,  in  connection  with  ordinary  mechanical  treat- 
ment, with  a  twofold  object  of  hastening  the  recovery  of  the  lesion 
and  improving  the  general  condition.  The  methods  of  treatment  that 
would  seem  to  offer  most  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints,  five,  ten,  or  fifteen  minutes  daily,  alternating 
with  general  faradization.  This  treatment  might  be  used  in  connection 
with  the  ordinary  method  by  extension. 

Club-Foot  {Talipes).— in  club-foot  it  is  not  unfreqtiently  a  great 
advantage  to  combine  faradization  or  galvanization  of  the  partially 
paralyzed  muscles  with  the  use  of  mechanical  appliances  (see  chapter 
on  Infantile  Paralysis). 

Warts. — Warts,  if  they  were  regarded  as  of  sufficient  importance, 
might  be  removed  by  electrolysis  of  the  base,  or  by  the  galvano-cau- 
tery. 

DtMolution  0/  Calculi  in  the  Bladder, — The  en  ployment  of  the  gal 
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vanic  ciurent  to  dissolve  calculi  was  proposed  by  Bourler  in  iSot, 
Morgiardini  and  Lando  in  1803,  and  by  Gruithuisen  in  1813,  but  t 
first  successfully  carried  out  by  Provost  and  Dumas  in  1823. 

The  theory  of  Pr6vost  and  Dumas  was,  the  calculus  could  be  tna 
to  crumble  by  the  mechanical  effect  of  the  gases  generated  by  the  o 
rent.  In  their  first  experiment  they  placed  a  fusible  human  calcu! 
in  water,  submitted  it  to  the  action  of  a  voltaic  pile  of  120  elemei 
for  twelve  hours.  Platinum  wires  were  placed  against  the  calculus, 
opposite  sides.  Fine  powder  soon  appeared.  At  the  end  of  the  op 
alion  the  calculus  was  found  to  have  lost  12  grains  in  weight,  the  or^ 
nal  weight  having  been  92  grains.  It  was  again  submitted  to  the  c 
rent  for  16  hours,  at  the  end  of  which  time  it  was  reduced  to  very  sm 
fiagments  that  could  have  easily  passed  tlie  urethra. 

Their  second  experiment  was  made  on  a  fusible  calculus  in  the  bl 
der  of  a  living  bitch,  into  which  warm  water  had  been  injected.  T 
application,  which  lasted  an  hour,  was  repeated  12  times  during  ! 
days.  The  calculus  had  become  so  friable  that  the  operation  was  i 
repeated.  Kxamination  of  the  bitch  after  death  showed  evidence  ti 
the  bladder  had  been  injured  by  the  operation. 

In  1835,  Bonnet  proved  that  by  applying  platinum  electrodes  to  tl 
opposite  sides  of  a  calculus  in  a  solution  of  nitrate  of  potash,  elect] 
chemical  decomposition  ensued,  by  which  nitric  acid  appeared  at  01 
electrode  and  potash  at  the  other.  The  effect  of  these  two  substanc 
was  to  dissolve  the  calculus.  Stones  composed  of  phosphate  wiD  I 
dissolved  on  the  acid,  and  those  composed  of  uric  acid  or  urate  1 
ammonia  on  the  alkaline  side.  Under  this  action,  the  stone,  unlc 
very  hard,  becomes  friable  and  falls  to  pieces.  These  experimer 
were  confirmed  by  Bence  Jones,  who  also  found  that  calculi  of  ox 
late  of  lime  could  be  slowly  dissolved  in  the  same  way.  Neither  of  Ihei 
experimenters  attempted  the  dissolution  of  calculi  in  the  human  blai 
der.  Some  experiments  made  by  Dr.  Rockwell  in  this  line,  and  ali 
by  Dr.  Beard,  at  the  suggestion  of  Dr.  Gouley,  did  not  give  very  satij 
factory  results.  The  amount  of  decomposition  of  phosphatic  stone  1 
very  trifling,  even  when  strong  currents  were  used  for  several  hours. 

EUdric  Explorer  or  Probe, — This  apparatus  (Fig.  18S)  indicates 
once  the  presence  of  metallic  bodies  in  gunshot  wounds. 

Fig.  1  represents  its  natural  size.  Fig.  2  shows  one  of  the  exploring 
sounds.  There  are  generally  two  sounds,  one  stiff,  the  other  9icit^^ 
ible. 

The  trembler  or  needle  is  so  arranged  as  to  resist  all  shocks  and 
the  following  coniitions  : — 
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1.  It  is  very  portable,  and  in  all  possible  positions  can  be  carried  in 
the  vest  pocket,  or  in  the  ordinary  surgical  case. 

2.  It  cannot  be  deranged. 

3.  Three  senses  take  part  in  making  the 
exploration — ^the  hearing,  the  touch,  and  the 
sight. 

4-  It  indicates  with  certainty  the  presence 
of  a  ball  by  llic  movement  of  tlic  trembler, 
an  effect  which  is  only  produced  when  the 
circuit  is  closed  by  a  metallic  body.  Experi- 
ence has  shown  that  the  contact  of  organic 
tissues,  even  with  a  battery  of  15  elements 
(and  probably  with  even  a  greater  number), 
will  not  put  the  trembler  in  vibration. 

5.  The  explorer  indicates  at  the  same  time 
the  depth  at  which  the  ball  is  situated,  and 
in  some  cases  also  the  flexible  sound  pre- 
serves the  form  of  the  canal  through  which 
it  passes. 

The  battery  is  in  a  case  made  of  hard  rub- 
ber. This  holds  the  elements,  zinc  and  car- 
bon, which  fill  only  half.  The  other  half  is 
occupied  by  the  exciting  liquid,  a  solution  of 
sulphate  of  mercury.  When  the  case  is  re- 
versed, or  in  a  horizontal  position,  the  liquid 
Bows  on  to  the  element  and  a  current  arises  j 
when  the  case  is  in  a  vertical  position  the 
metals  are  not  touched  by  the  liquid,  and  yxo  i««. 

there  is  no  current.*  Trouvc's  Electric  ] 


*  The  first  apparatus  for  the  electric  exploration  of  wounds  was  devised  bjr  M. 
Favrc,  of  Marseilles,  of  which  the  following  description  was  given  by  Ndlaton,  in  re- 
marks to  his  class  at  the  H^pital  des  Cliniquts :  "Two  conducting  wires  are  placed  in 
a  sheath,  or  the  two  electrodes  may  be  covered  by  an  isolating  substance.  These  wira 
•re  10  communicatton  with  a  battery  of  only  one  couple,  and  a  galvanometer  b  fastened 
on  one  of  the  wires.  If  you  introduce  the  end  of  these  into  a  wound,  the  contact  of 
(he  soft  parts,  the  bones,  or  pus,  is  not  sufhcient  to  establish  a  current,  but  if  the 
eiuls  come  in  contact  with  a  metallic  bo<ly,  the  needle  of  the  galvanometer  will  rise, 
this  being  a  proof  that  the  circuit  is  complete.  Only  one  couple,  however,  should  be 
used,  so  us  to  avoid  the  decomposition  of  the  fluids  in  the  wound,  which  would  imme- 
tfately  give  rise  to  a  current." — (,4m.  Jour.  Med.  Sciences,  voL  xlv.,  1863.  p.  218.) 
During  the  recent  Franco-Prussian  war  an  "  Electric  Bullet  tetker^*'  that  ^rike«  ■ 
dttle  bell  when  metallic  connection  is  made,  has  been  successfully  used. 
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BeWs  Induction  Balance. — Superior  to  Ihese  contrivances  for  pi 
cal  purposes  is  the  ingenious  instrument  deyised  by  Professor  Grahi 
Bell.     It  consists  of  two  flat  coils»  a  battery,  an  intemipler,  expiori 
coils,  and  a  telephone. 

When  the  two  flat  coils  are  properly  adjusted  and  the  circuit  cl 
the  telephone  gives  no  sound.     When  the  exploring  coils,  however,  i 
placed  upon  the  body^  and  in  close  proximity  to  any  metal  that  may 
embedded  in  the  tissue,  the  electrical  balance  is  disturbed  and  a  cl< 
musical  tone  is  heard.     This  coil  was  unsuccessfully  used  in  the  case 
President  Garfield,  but  more  recently  it  has  been  perfected  and  can 
confidently  relied  upon    to  discover  the  location  of  bullets  or  oth( 
metal  in  any  portion  of  the  body.     In  military  surgery  especially 
cannot  but  prove  of  the  greatest  value. 

Extraction  ef  Foreign  Bodies  by  the  Electro-Magnet, — Dr.  Delore 
has  suggested  the  electro-magnet  as  a  means  of  extracting  foreign  bodies 
from  the  eye,  urethra,  auditory  canal,  etc.     He  stales  that  the  ma, 
has  been  used  for  the  purpose  of  extracting  pieces  of  iron  and  sti 
from  the  eye  since  the  days  of  Fabrice  de  Hildcn,     Delore's  attenti 
was  called  to  the  subject  by  an  attempt  which  he  made   to  extract 
piece  of  a  pin  from  the  external  auditory  canal.     A  slender  m, 
was  prepared  by  M.    Fasse,  which  could  be  bent  at  will,   but   it 
found  to  be  not  sufficiently  powerful.     Then  M.    Fasse  suggested 
idea  of  using  the  electro-magnet  for  this  purpose.     VViih   this  view 
constructed  a  small  electro-magnet,  composed  of  a  stem  of  iron, 
a  bulbous  extremity,  and  covered  with  several  windings  of  i 
copper  wire. 

The  force  that  is  obtained  is  in  proportion  to  the  strength  of 
current  used  to  magneti/.e  the  iron,  the  number  of  spirals,  and 
diameter  of  the  magnet. 

In  order  to  ascertain  how  much  power  was  necessary  to  exi 
needles  from  the  body,  a  number  of  exi)eriments  were  made. 

"  A   needle  embedded  in  the  horny  substance  of  the  hand  to 
depth  of  three  millimetres  requires  for  its  extraction  a  traction  of 
gramnies." 

*'  Embedded  sixteen  railli.  deep  in  the  heel  of  a  cadaver  requires  4( 
grannnes," 

"  Embedded  four  centimetres  deep  in  the  calf  of  the  leg  it  requii 
400  grammes." 

*'  If  it  has  perforated  the  cornea  it  must  have  a  traction  of 
grammes." 

•  Translated  from  Lyon  Medical  in  N.  Y.  Medical  Gazette,  Aug.  20,  1870. 
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The  advantage  claimed  for  this  method  of  extracting  foreign  metallic 
bodies  is  thai  •*  it  produces  no  sensation  on  the  surface  of  the  tissues," 
and  also  is  less  liable  to  injure  them  than  forceps  or  probes. 

The  invesiigaiions  of  Dr.  T.  K.  Pooley,  of  New  York,  lead  him  to  the 
following  conclusions  :  i .  That  a  steel  or  iron  body  in  the  eye  may  be 
detected  by  a  suspended  magnet  when  the  body  lies  near 
its  surface.  2.  The  presence  and  position  of  such  a  foreign 
body  may  most  surely  be  found  by  making  it  a  magnet  by 
induction,  and  then  testing  for  it  by  a  minute  suspended 
magnet.  3.  The  intensity  of  deflection  of  the  needle  rs 
proportionate  to  the  depth  of  the  body,  4.  Changes  of 
dcfieclion  of  the  needle  indicate  changes  of  position  in  the 
foreign  body. 

An  interesting  case  is  reported  by  Hardy.*  Forty-eight 
hours  after  the  injury  a  small,  narrow  strip  of  steel  was 
seen  resting  on  the  anterior  surface  of  the  lens,  so  situated 
as  to  be  covered  by  the  iris  unless  the  pupil  was  dilated. 
Only  a  small  part  of  the  lens  behind  the  bit  of  metal  was 
opaque.  Twenty  four  hours  later  the  effect  of  a  powerful 
elcctro-bar-magnet  outside  the  eye  was  tried.  When  the 
pole  of  this  magnet  had  been  approached  to  a  distance  of 
four  inches  from  the  cornea,  the  chip  was  seen  suddenly  to 
spring  away  from  the  lens  to  the  posteiior  surface  of  the 
cornea.  On  removal  of  the  magnet  the  metal  fell  to  the 
bottom  of  the  anterior  chamber,  and  was  then  extracted 
through  an  incision  made  as  for  iridectomy.  The  lens 
became  afteiward  opaque  throughout,  and  was  then  gradu* 
ally  absorbed. 

Grufning's  Magnet  (Fig.  189)  for  the  removal  of  ])arti- 
cles  of  steel  or  iron  from  the  vitreous  chamber  is  manufac- 
tured by  John  Reynders  &  Co.,  New  York, 

Several  magnets  are  joined  into  a  bundle,  thus  making  a 
powerful  magnetic  magazine,  and  concentrating  the  great- 
est possible  magnetic  polarity  in  the  least  possible  dimen- 
sions, A  long  and  delicate  piece  of  malleable  iron  is  fitted 
into  one  extremity  of  the  bundle  of  magnets.  As  shown  in  the  cut, 
the  two  extremities  of  a  number  of  magnetized  steel  rods  placed  par- 
allel to  and  at  a  little  distance  from  each  other,  are  fitted  into  iron 
caps,  one  of  which  is  provided  with  a  delicate  point  of  malleable  iron 
3  ram.  long,  \  mm.  wide,  and  0.3  mm.  thick.  This  point  is  powerfully 
•  Medical  Times  and  Gawtte,  April  13,  1878,  p.  401. 
47 
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magnetic,  sustaining  with  ease  a  weight  of  fifteen  grammes.  Chips  (jf 
iron  weighing  from  one  to  filty  ceniigrammes,  when  placed  into  ihCj 
vitreous  of  recently  enucleated  animal  eyes,  are  attracted  loward  the 
point  at  a  distance  of  i  to  5  mm,,  and  withdrawn  with  the  greatest 
facility.  The  instrument  thus  perfected  equals  Hirschberg's  eleclJO-1 
magnet  in  efficiency,  but  surpasses  it  in  simplicity  of  construction,  con- 
venience of  form,  and  lowness  of  price. 

EUctro-Chemual   Baths — Retnoval  of  Poisonous   Metah  from   tht\ 
Body. — In  r855  Vergn6s  and  Poey,  of  Havana,  reported  to  the  Frenciil 
Academy  a  method  of  removing  poisonous  nielals  from   the  body  by  1 
means  of  the  galvanic  current.     Vergnds,  while  practising  electroplating  1 
in  1852,  had  brought  an  obstinate  ulceration  on  his  hands.      He  placed 
his  hands  in  an  electric  bath,  connected  with  the  positive  pole.     In 
fifteen  minutes  a  metallic  plate  connected  with  the  negative  pole  in  the 
bath  was  covered  with  gold  or  silver  from  the  ulcer.     A  few  such  lreat«^ 
ments  cured  ihe  ulcers.  ■ 

An  electrochemical  bath  is  taken  as  follows :  An  isolated  ruetallic 
tub  is  placed  on  an  isolated  bench.     The  tub  is  filled  with  water,  add-^ 
ulated  with  nitric  acid  if  mercury,  gold  or  silver,  and  sulphuric  acid  if" 
lead  is  in  the  patient.     The  patient  is  placed  in  the  balh,  and  the  tub 
is  connected  with  the  negative  pole,  while  the  patient  takes  the  positive 
pole,  part  of  the  time  in  the  right  and  part  of  the  time  in  the  left  hand.  ^ 
The  current  now  enters  the  arms,  and  passes  through  the  body  lo  thefl 
tub.    The  metal  that  is  extracted  from  the  body  is  found  on  the  sides 
of  the  tub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  room 
from  evaporation. 

These  experiments  were  confirmed  by  Caplin  and  Meding.      Medingd 
extracted  mercury  irom  a  patient  in  this  way.     Vergn^s  employs  elec-^ 
tro-chemical  baths  also  for  introducing  medical  substances  into  the  body. 
The  patient  sits  in  the  bath  containing  the  solution,  and  in  the  position 
described,  and  absorbs  the  substance   while  the   current   is  passing,  j 
Among  the  remedies  that  Vergnos  employs  for  the  purpose  are  phos- 
phate of  iron  and  nitric  acid.     There  is  little  question  that  the  passage  ^ 
of  the  current  through  the  body,  immersed  in  certain  medicated  solu- 
tions, aids  in  the  absorption  of  some  portion  of  the  com[x>und.     This  M 
whole  subject,  however,  is  yet  in  dispute,  and  will  remain  in  dispute  ■ 
until  it  is  carefully  investigated  by  competent  men,  and  all  possible 
sources  of  error  are  guarde<l  against. 

Faradic  Anasthfsm, — The  benumbing  effects  of  the  faradic  current] 
on  the  nerves  may  be  utilized  for  the  production  of  local  anaesthesia.  | 
(See  EUctro-Physiohgy.)     It  is  only  indicated  for  slight  or  at  least] 
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short  operations,  such  as  the  opening  of  abscesses,  felons,  buboes,  the 
extraction  of  foreign  bodies  and  of  teeth. 

For  opening  abscesses  a  strong  faridic  current  should  be  directed 
through  the  parts  as  the  incision  is  made.  The  relief  thus  afforded  is 
slight,  but  is  iK>sitive,  and  is  not  unworthy  of  a  trial. 

Faradic  anesthesia  has  been  chiefly  used  in  the  extraction  of  teeth, 
where  it  is  certainly  of  some  service.  The  patient  places  his  foot  in  a 
metallic  slipper,  or  on  a  plate,  or  holds  an  electrode  in  the  hand,  while 
the  circuit  is  completed  as  soon  as  the  fjrceps  of  the  dentist,  which  is 
connected  with  the  battery,  seizes  the  tooth.  It  is  well  to  connect  the 
forceps  with  the  negative  pole,  because  it  is  the  stronger. 

The  contractions  produced  by  the  passage  of  the  current  are  certainly 
disagreeable,  for  a  current  of  considerable  strength  is  required,  but  the 
pain  of  the  extraction  is  less  severely  felt  than  it  would  be  when  made 
unaccompanied  by  the  current. 

This  method  of  producing  local  anaesthesia  was  at  one  time  somewhat 
popular  among  dentists,  but  partly  on  account  of  the  fact  that  it  is  at 
best  an  imperfect  method  of  preventing  the  pain  of  the  operation,  partly 
on  account  of  the  mechanical  difficulties  in  the  way  of  its  employment, 
and  partly,  also,  on  account  of  the  popularization  of  nitrous  oxide,  it 
has  fallen  into  disuse. 

Faradic  anaesthesia  may  be  utilized  for  the  relief  of  the  irritation 
caused  by  the  application  of  caustics  to  the  larynx,  eye,  or  uterus. 

Dr.  .A.  Tripier,*  of  Paris,  has  recently  advanced  the  theory  that  faradic 
ansesthe&ia  is  explained  by  the  interference  of  the  different  impressions 
that  are  made  on  the  nerve.  The  impression  made  by  the  faradic  cur- 
rent first  reaches  the  cerebral  centre,  and  neutralizes,  or,  at  least, 
diminishes,  the  im|>ression  made  at  the  same  time  by  any  other  irritat- 
ing influence.  This  theory  seems  to  us  sensible  and  just.  Dr.  Tripier 
further  recommends  a  return  to  the  practice  of  faradic  anaesthesia  for 
slight  operations. 

Hydro- Electrization. — Dr.  Beard  has  devised  a  method  of  apply- 
ing electricity  by  means  of  a  continuous  stream  or  jet  of  water  flowing 
from  a  metallic  lube — or  one  that  has  a  metallic  orifice— connected 
with  one  pole,  while  the  body  of  the  patient  is  in  any  convenient  way 
connected  with  the  other.  A  jet  or  stream  of  water,  so  long  as  it  is 
not  broken  into  spray,  will  conduct  the  current  from  one-eighth  of  an 
inch  to  one  or  two  inches  from  the  orifice,  according  to  the  size  of  the 
stream,  to  any  part  where  it  may  be  applied.  Contractions  of  muscles^ 
and  all  the  effects  of  ordinary  localized  electrization  may  be  thus  produced, 
•Archives of  Eteclrology  and  Neurology.     May,  1S74.  p.  109. 
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This  method  of  electrization  is  adopted  for  those  localities  where, ' 
account  of  the  natural  sensitiveness,  or  from  the  nature  of  the  disca 
ordinary  electrodes,  by  their  mechanical  irritation,  cause  unbeara 
pain,  or  where,  for  anatomical  reasons,  they  cannot  be  applied. 

For  supplying  a  continuoes  stream  of  water  we  use  an  ordinary  \ 
rubber  bag,  which  is  filled  with  water  in  the  usual  way,   by  Arst 
pressing  the  sides  and  exhausting  the  air.     Connected  with  this  bag  ' 
use  silver  tubes  of  various  shapes  and  sizes,  provided  with  small  thun)l> 
screws  for  making  the  connection  with  the  battery,  and  either  insula 
or  non-insulated,  according  to  the  special  purpose  at  hand. 

The  various  douches  that  arc  used  for  the  cavities  of  the  body 
be  utilized  for  the  same  purpose,  provided  the  leather  tubes  are  tin 
with  spirals  of  wire,  to  keep  up  the  eonneetion  of  the  current^  or 
tubes  are  composed  of  metal  attd  insulated. 

On  this  principle,  and  in  order  to  meet  the  same  therapeutical  j^ 
dications  for  which  ordinary  electrization  is  employed,  applications 
be  made  to  the  external  auditory  canal^  and,  in   cases  of  rupture 
ulceration  of  the  membrana  tympani,  to  the  middle  ear,  by  a  str 
insulated  tube,  or  by  the  ear-douche  ;  to  the  conjunctiva  by  a 
tube  or  by  the  ear-douche  ;  to  the  nasal  passages  by  the  nasal  done 
ormelailic  i>osterior  nasal  syringe  ;  to  (he  pharynx  and  naso-pharyngk 
spacehy  a  properly  curved  tube  ;  to  the  stomach  by  the  stomach-douci] 
such  as  has  recently  been  used  by  PIoss,  of  Leipsic,  or  by  the  stonia<; 
pump  ;  to  the  bladder  hy  the  bladder-douche  ;  to  the  vagina  and  0$\ 
the  vaginal  douche  ;  and  to  the  cavity  of  the  uterus  by  the  wter 
douche  ;  to  the  cavities  of  opened  abscesses  ;  to  stumps  that  are 
to  heal,  and  finally  to  all  irritable  ulcers,  wherever  situated. 

Either  the  galvanic  or  the  faradic  current  may  be  used,  and  the  \ 
may  be  pure  or  variously  medicated.     Warm  water  conducts  better  ifc 
cold,  and  is  therefore  preferable,  except  for  those  cases  where  the  ic 
effects  of  cold  are  indicated.     The  conducting  power  of  the  urater 
also  increased  by  the  addition  of  common  salt,  and  various  niedicin 
substances  which  are  ordinarily  used  for  the  treatment  of  the  conditio 
for  which  hydro-electrization  is  indicated,  and  may,  therefore,  be  prop 
ly  combint'd  with  it.     Potter's  hydro-therapeutic  contrivances  arc 
convenient  lor  the  purposes  of  hydro-electrization. 

Electro-Medication. — Long  ago  it  was  contended  by  Fabr6  Palapr 
Orioli,  and  Vergn6s  that  medical  substances  could  be  introduced  in 
the  body  by  means  of  the  galvanic  current,  but  by  Remake  Rosenil 
Tripier,  and  others  their  statements  have  been  discredited.      From 
experiments  it  would  seem  that  atropine  might  be  introduced  into 
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system  by  means  of  the  faradic  current  in  sutficient  quantities  to  slight* 
\y  affect  the  pupil 

Recently  Beer,  of  Vienna,  and  Von  Brans  *  have  succeeded  in  intro- 
ducing iodine  into  the  dead  and  living  subject,  by  means  of  the  elec- 
trolysis of  iodide  of  potassium.  For  this  purpose  they  have  used  a  glass 
tube,  containing  a  solution  of  iodide  of  potassium  (i  to  i,  or  i  to  2), 
lightly  corked  at  one  end,  and  at  the  other  covered  with  cloth  or  a 
piece  of  bladder,  and  connected  through  the  cork  with  the  negative 
pole  of  the  galvanic  current  by  a  piece  of  platinum.  The  positive 
electrode  may  be  of  a  similar  construction,  or  an  ordinary  sponge  elec- 
trode. 

If  by  this  arrangement  an  application  be  made  through  the  face — an 
electrode  being  placed  on  each  cheek — for  a  few  minutes,  traces  of 
iodine  can  be  detected  in  the  saliva.  A  good  test  for  iodine  is  disuJ- 
phide  of  carbon^  which  will  detect  one  part  in  1,000,000  parts  of  water 
by  the  purple-red  color  which  it  produces.  Another  test  is  glycerine, 
which,  mingled  with  iodine  and  electrolyzed,  gives  a  dark-blue  or  black 
line.  The  electrolytic  introduction  of  iodine  has  been  used  in  gland- 
ular FwelHngs  (as  goitre),  effusions  in  the  Joints,  ptriostitis^  and  with 
asserted  success,  after  simple  galvanization  has  failed.  We  have  ex- 
perimented in  this  direction  considerably  without  arriving  at  any  con- 
clusive results. 

The  difficulty  in  all  therapeutical  experiments  is  that  we  are  using 
simultaneously  two  remedies,  iodine  and  electricity,  both  of  which  are 
separately  efficacious  in  producing  absorption. 

Podalgia. — There  are  certain  obscure  painful  affections  of  the  feet 
that  appear  to  be  sometimes  of  a  nervous  character— a  kind  of  hyper- 
aisthesia — and  sometimes  appear  to  depend  on  actual  injury  of  the 
bones  or  tendons.  The  former  class — of  which  we  have  seen  several 
cases — arc  really  medical  cases,  and  are  to  be  treated  by  central  and 
local  galvanization.  The  latter  are  surgical  cases,  and  are  to  be  treated 
by  local  applications. 

*  Die  Galvano-Chirurgie  oder  die  Galvanokaastik  und  Eleklrolysb  bet  dururgischea 
Kruikheiten.     Tubiogeu,  1S70,  p.  xy^etteq. 
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ExflarMion  of  tht  Urm*  uted  in  ElxcTftO-THK&Antmcs  (Medkml  and  Surfk 
c&l),  including  alto  many  of  tke  terms  of  Elkctko-Puysics  amj  ElsctiiO-Phtu 
OlOGY. 


With  the  progress  of  Uie  study  of  Electricity  in  its  relations  to  Fhyscs,  Physi- 
ology, Practical  Medicine,  and  Surgery,  there  has  arisen  a  new  and  extensive  tenni> 
Bology. 

The  terms  used,  especially  in  Electro-Therapeutics  and  Electro- Pbysiolosy,  hav« 
been  introduced  by  different  observers,  in  various  countries,  and  in  different  lan- 
guages, and  are  all  necessarily  based  on  an  incomplete  knowledge  of  the  mysterioui 
force  whose  phenomena  and  manifold  relations  they  aim  to  describe.  It  was  tnerit;^ 
Ue  that  a  nomenclature  devised  under  such  drcumstances  should  be  more  or  leai 
inaccurate  and  confused.  This  inaccuracy  and  confusion  have  been  still  further 
increased  by  the  carelessness  of  writers,  who  have  misunderstood  and  misapplied 
these  terjns,  and  greatly  perverted  them  from  their  original  meaning.  It  would  be 
difEcult  to  find  any  two  authors  who  entirely  agree  in  their  use  of  terms,  even  of 
those  which  are  most  frequent  and  most  important ;  and  readers  who  are  not  thor- 
ooghly  familiar  with  all  branches  of  the  subject  tn  the  various  languages,  and  with 
the  incorrect  as  well  as  the  correct  phnaeologyi  are  constantly  bewildered. 

It  is  believed,  therefore^  Utatt  a  lirt  of  the  words  and  phrases  employed  by  writen 
on  Electricity,  which  diovid  prrwl  tkcir  oii^nal  and  derived  meanings  in  their 
various  combinations,  willi  tkdr  eanacC  and  itwiett  synonyms,  would  be  of  service 
not  only  to  those  wIm  OMMirit  tkis  woImm^  bat  to  all  who  occupy  themselves  vritb 
the  departmeat  of  Ekctf-Tlll  I H wwf JM 

The  need  fo«  sock  a  Irt  b  tmUnA  ttm  mun  bafcrative  from  the  fact  that  man^ 
of  the  terms  it  iadadca  caaaM  be  ImmI  ia  fka  aa«  fwoa  tfedoaaries. 

The  terms  wUdh  wc  baac  mmn^Kim  iaaniani^  m  %u  wbieb  wc  have  given  a  new 
eomfafaution  or  anjdMdafaflrfbr  d|fallBadanwaN»dbi%in«ndbyaftar(*).  Tba 
IpiiiHiefcrtotbeyaiaiinlktf— ■»^a»fca4aa»dfcni— atawhtdttl^feiig  «n 
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Amaloamatiok.    T*  ooiipound  mercury  (quicktflver)  with  anciber  metal.     In  ElectTt>-Ph]r«ic^| 

term  is  luually  applied  to  th«  covering  of  the  line  pUtn  wiih  mercury,  by  fint  pottxiag  vrtt  I 

aa  acid  lolutian  and  then  dipping  them  in  mercury,  or  potuing  it  over  them. 
Akk,bctiiotoko<;.    The  phate  of  ,iiminisked  irriiaiility  which  appears  at  the  po«iti««  pol*  » 

nerv«  u  m  the  electrotonic  coaditioa 
Akimal  EucntictTV 

Anions.    In  etectratyaii  the  electn>-positive  tuhttanoea  that  go  to  the  cathode  fFanday) 
Ahodb  (Aca,  upward,  and  W>%,  way).    Where  the  cumat  caters,  caOcd  tXnf»n4iv*ot* 

(Ka«day>. 
ANTOzorra 
ArpAXATus.    A  contrivance  or  oombinatiQO  (or  a  certain  puipoae;  oAn  «mi 

mta*:khu  tft  ^ttery,    Stiicdy,  however,  apparatus  is  applied  only  to  die  nan  i 

aad  machine  to  the  mofe  complex. 
AltMATtn^a.    Bart  or  ktr/trt,  which,  when  placed  hi  contact  with  the  pole  of*  i 

magneiiain. 
AflCEMDiKO.     From  periphery  toward  the  centre,  applied  especially  to  die  nerveos  ayatoib 
Battsrv  CtntKKMT  (aee  Galvanic  Current). 
BATTiarv.  Elsctkic  (or  galvanic).    A  itriea  of  Leydea  ]xr%,  or  (okore  frcqoaollj)  oeOi^  < 

together.    The  term  If  applied,  however,  to  a  tiMgU  cell,  and  inooiracdy  m 

apparatus. 
Bound  EixcnticiTV.    Electricity  \a  the  Leyden  jar. 
Catalysis  ^frard,  and  Kvvk.  from  Avw.  to  disengage).    The  absorption,  and  the  accxMspanyiaf  t 

ferenoe  of  liquids  caused  by  the  chemical  action  of  the  galvanic  aiirent  (RemakX    It  ia  a  pait^ 

reixilt  of  cJcctrolysis. 
CATALmc    Pertaining  to  catalysis. 
Catklkctrotohos.    The  phase  of  incmutd  irriUiiiUtf  which  appears  at  the  ocyathre  pale  i 

nerve  is  in  the  electrotooic  condition 
Cathodr  (lard,  dowrtward,  and  l^ii%,  wayj.    Where  the  cmrent  passca  out ;  OkDed  also  < 

or  mine  /W/' 
Cations.    In  electrolysis,  the  electro-negative  substances  thai  ^  to  the  anode  (Faraday) 
Cku.  (see  Element). 
Central  Galvanizatiom  • 
Chvmical  tjALVANO-CAtmotr  (aee  Electrolyaia). 
CHRONOscont  AMD  Chronockapm  (x^roc,  time,  and  mtewstr,  to  obwrreX     InatrosicaU  far  i 

ing  and  recording  the  velocity  of  the  nervous  force,  electricity,  etc. 

Cn(CL.B    GAtVAKlC 

CUMUMG  CoMTKACTiOKS.     Contractions  produced  at  the  dosing  of  the  drtuit. 

Conartva  Foaca 

Con.  Imduction.    Rolls  of  wire  in  which  the  current  Is  induced  by  the  idteraate  ofMoiag  i 

of  the  circuit,  as  RhumlcorfT's  coil  (see  Induction). 
COMMITTATOR.    An  aiTangemeni  for  reversing  the  current. 

Condsnskr.    An  apparatus  for  condensing  a  large  quantity  of  dectridty  on  a  amaO  i 
CoNDircTtNG  WiKits.    The  wire*  that  conduct  the  electricity  from  the  machine  to  the  i 
CoNDUcrriviTY  (or  conductibility).    That  property  by  which  a  body  conductt  electricity. 
Conductor.    That  which  conducts  electricity.    Sometimes  used  for  tUctrod*. 
Constant  CtfRRRNT.    The  galvanic  current  from  elements  with  two  liquids.    The  amstaat  I 

that  are  best  known  are  those  of  D.-uiidl.  Grove,  and  Bunsen  and  their  modificatinna  (p.  4 

Applied  also  to  the  ga/ntnic  currtmt  in  general,  and  used  synonytnoualy  with  emitu 

sometimes  prefixed  to  galvanic  current  (constant  galvanic)  in  the  senaa  of  mmimitrTw^ttd\ 

Galvanic  Current). 
ODNTixtimrs.    Constantly  flowing  in  one  direction,  sometimes  used  ia  the  same  aense  aa  cmut*m 

gnlvanie.    Strictly,  it  should  be  applied  to  the  unintenvpted  galvanic  current,  siace  the  ( 

current  is  aJways  intcrmpted  (see  Galvanic  Current). 
Continuous  Electrization.'    This  term  might  appropriately  be  applied  to  the  pi ou acted  1 

tioni  wade  by  galvanic  disks,  belts,  chains,  poultices,  etc,  worn  on  the  body. 
CoMTiiACTiUTV,  Electro-Moscvlar.    Thai  property  of  muscles  that  causes  them  to  oooiract,  \ 

acted  upon  by  the  elettric  currenL     It  ia  to  be  distinguished  from  irritability,  which  it  in 

EJectro-mutcular  trriubility  may  eaiat  ta  musclea  that  have  wholly  k»t  ifacar  t 

ttac«a>ly  (see  Iiritabilily). 
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CbWH  FOU  (pee  PoB^Te  FobV 

-CbtatBfr  C^ANGOi  (aee  Onrait  Rsrencr), 

CuRSBtT,  EutcTuc.    Tbc  corndDOMis  fliicfaarte  of  **"  uttiy  that  reauha  froa  cfaed^  acdon,  wacl^ 

tor  oarapte,  a*  takei  place  in  any  ordinAfy  galvmdc  oeO. 
CUKKBMT  iKOtKASUL*    A  coBtriyaflCg  tot  iacreMBg  the  itreagdi  of  the  aareH  ^Mktmt  ^ra*Mmg  Ikt 

eireitU.    A  fonn  of  rheosUL 
-CimitsNT  or  THE  PiLK  (ue  Galvanic  CoTreoe). 
CuoiEKT  KavursEK.     Ail  arrangement  for  toeiauig  tne  cnrrent 

CUBUurr  SsLnrroKi    A  coctrivance  for  briDging  any  destrvd  number  oTdeinenta  into  die  eiiduL 
•CVUjioClt  MAOtnca.     A  fonn  of  machine  dor  generating  autica]  dectridty. 
DscuKOMsm.     An  instnunent  far  neantfiiif  magnetic  dediaalion.     Tbe  imarimtr't  apm/mm  ||  ■ 

dedioonecer. 
DcKsmr.    Compattncaa     The  density  of  a  carrciit,  gdier  emwlitioin  bdac  tlM  aaoM^  u  in  pnpotin 

to  (he  amalbieaB  of  the  electrodM. 
DncsMOWa,    Froa  ibe  ocntre  toward  the  periphery. 
DiAMACKBTlBM.    Tbsl  pfopcTty  of  bodio  by  which  they  manifeflt  the  wiie  masDctic  pheaon^B  m 

iron 
I>U(uccTiiJC.    A  toediuBi  throogb  which  indoctioii  it  propacated. 
Dinxcic  CoKTXAcnoMs 

DirOUUt  AutAKCBMENT 

DtmMG  Nkkdijk.    A  needle  for  meamrin^  the  maftnetic  dip. 

DtaxCT  CcTixxNT  (lee  Defending  currentX  also  uied  for  galvmnie  enmBt  (an  Galranic  Con^tf) 

OnSCT  EuUTTRIZATIOIf 

I>KT  (or  cuUQcous)  Faxaoczation.    Faradizatiiia  with  dry  electrDdaa 

Dtkamicai,  Ei^cnticmr 

SucntiC  (electrkal).     Pertaining  to,  derived  from,  or  containing  et«ctnaty. 

CLBcntica.    THoae  substances  which,  when  held  in  the  hand  and  nabbed,  beoooM  ciectrk. 

Elbctvic  Batk 

Clbctmc  (or  metallic)  Bauui.    A  wire  bnub  oaed  as  electzod«i 

ELHcraic  (or  galvanic}  Disks 

EuKTUC  Mani>.    Tbe  hand  ttied  as  an  elecoode  in  electfiialiofi. 

Eucraic  Moxa 

£iJiCTiuc  PoiKTS*  (see  Motor  PoiutsJ. 

EjJKmuCLAjt,     One  who  itudies  electricity  in  it»  ^jrticml  rdarion*,  as  in  telegraphy  ;  oftentima  Died 

enooeously  for  ekctro-therapeutist. 
SuKTXiciTV  (^Accrpoi',  amber) 
ELxcraXrv.     This  term  is  nnially  applied  to  the  tue  of  statical  dectiicity,  and  is  therefote  cyaaaymoua 

with  fraoldinization.     It  ts  used  sometimes  synon)inously  with  electriae. 
Slbctwiatiom.    Tbe  act  of  electricing.    The  tenn  indudes  biadisatioiv  galvanizatioa,  and  friiiilfliBi 

mlioa,  or  the  application  of  statical  eieetridty. 

For  the  aake  of  tuiifannity,  and  in  order  to  preaervc  the  dtstinciion  bcftut  tbe  different  aetfiadii 

ef  applicatioD,  fUctrisatigm  has  in  this  work  usually  been  preferred  to  the  periphrastic  mmiiiM 

^-ifae  uae  of  dectiicity. 
d-Bcnuza.    To  affect  by  electricity. 
EutcTito-AM«5THCsiA.«    The  prodncdon  of  kxal   inanlliiiii  by  the  appUcatiea  of  ekctridtf .    Tka 

firadic  current  is  used  for  this  purpose  (on  iaradkr  ao«sthesia). 
eLacTKO-CHJMiCAL.     Pertaioitkg  to  electrn-chemistiy, 
Eucctko<:hkmical  Bath 

Ei.aCTao-CHEMiSTVT.     Electricity  in  tta  reladoaa  to  cbemiatry,  of  which  electrolysis  ia  a  braadi. 
ELiCTaoDC  {\Kvnfivr  and  iUt,  way).    The  way  by  which  the  positive  and  ncgattv*  etectridlM 

emerge    Tbe  pocitiTe  pok  u  oooaected  with  tbe  m*£mtiv*  otetal  of  the  element,  and  the  negaiN* 

pole  ia  cooaeeted  with  the  positive  metat 
CLBCTito-DiAS)«o)iu.    Tbe  use  of  etectiidty  aa  a  aaeaas  of  dtagaosticating  disease  (pt  a68),  callaS 

also  «Uttr&-f<ttk*hgy- 
Cucno-DTMAMicB.    Vm  pheaaaena  of  electricity  in  notioa.     EcpedaQy  applied  to  the  aateria 

atmc&ans  and  repulsieos  of  eufrenta  on  currenta,  and  currents  on  macneia. 
Cucniouxrr.*    EtectridTy  ui  its  niatioas  to  Physics,   Pbysiolocy,  Patfaology,  aad  Thaapllhm 

■cdical  and  surgicaL 
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KiJKnuoLOOisT.*  One  who  U  wrvrd  in  electricity  in  iu  retatkiiia  Id  Phyife*,  Phydology,  Paibatogy 
and  Therapeutics.  That  is,  Electn>-Physk»,  Etcctro-Pbrviolocr*  Gloctro-Patbolocy  (El«ctr»-Di 
mgtumti,  and  Electro-Thenipeutics  (Electro-Modidne  and  Ci«ctr»-Sur;B«ty). 

CUKTVOLV&is  (^Acicrfxii'  and  Auu — through  Xv«^((,  disen^gtng).  The  act  or  proeeaaofdecoaipotin^ 
a  compound  subktanoe  by  eiectncity. 

ELitCTRoL%'-iit.    A  Kubstaoce  which  is  lutccptiblc  of  etectrolyui. 

ELECTBOLVTtc.     Pcrtaiii'iDg  to  electrolysij. 

EuBcnoLVZS.    To  decompose  a  compound  tubsamce  biy  the  actioa  of  electridty. 

Ei.acrROLVZA'nox .    The  act  of  clecirolynng. 

ELScrRo-MACNKT.    A  boT  of  soft  in»  which,  ondcr  tha  InSueaoe  of  the  gatvank  canvnV  b« 
aagineiic. 

EuKCTito-MAGMKTiau.    The  phenomena  of  maKnrtitm  produced  bv  an  electric  current. 

EuBCTRo-MRDiciNk.     Electricity  in  its  relations  lo  medidne. 

Elbctbo-Mbdical.     Pertaining  to  electro- medictne. 

Elbctro-Mroication.*  The  introduction  of  medicioei  into  the  body  by  neaai  of  decarUty 
{p.  740). 

Elrctikimbtkk.    An  instrument  for  mefttttring  the  charge  of  a  battery, 

Etemip-ucr.  iva  fokcb 

EtecTKO-MOTOR.    The  metaU  that  generate  an  electric  currenL 

Slrcxbo-Otiatwcs.    The  elcctro-phyaiology  or  clectro-therapeuttcs  of  the  ear. 

ELBCTKO-PATHOtvOCY  (tec  £lectn>*DL-tgDOMs). 

KLBcntoriiORUS.    A  contrivance  for  ooUectin|[  electricity  by  inductiocu 

^^UtCTROrHORUS  Machimk 

ELBCTRo-PHViiica.*    Electridty  io  ita  physical  relatioiu. 

Ei.acnto-PKy»ioaKOMV  • 

ELBCTRO-PHY&IOtiOCV 

Blrci  B.O- Physiological  Am  atomy.* 

Eucctbo-Pkyuolocist.     One  who  studies  electricity  in  its  physiological  reJadona, 

Bucnio-PtJMCTrKB.    The  application  of  electricity   (galvanic,   bradic.  or  fraiikMaic}  by  BeadUa 

intnxluced  beneath  the  surface. 
ExxcThoscorm.    An  instrument  for  detecting  the  presence  of  statica]  electridty. 
EutCTKO-SBNSiBiUTV.*    Sensibility  of  the  body  to  electricity. 
EuurrRO-SuRGKRV.     The  use  of  electridty,  of  any  form,  or  by  any  method  of  appUeatlom  bj  lorgi- 

cal  diseases.     It  includes  gahmmhturgtry, 
ELBCTao-SuscBFTiBiUTy.*    Susceptible  to  electridty,  including  farado-Busceptibility  and  galvaBO- 

lusceptibilicy. 
ELBCTRO-THCBAraimcAX.  Anatomy  ♦ 
EucTKO-TMSitArKt/Tics.    The  use  of  dectridcy  of  all  forms  to  the  treatment  of  disease.    The  terra 

indudes  both  medical  and  surgical  dectricity  (dcctro-surgery)  ;  also  galvaiu^thtraptntic*  Bii4 

gnh><*H^  turgtry, 
EutcTBO-THRRAratmsT.    One  who  studies  dectridty  in  its  Thera^tulical  rdauoiu.     £lecoo-lkBf»> 

peutists  are  frequendy  and  erroneously  called  Electricians  (see  Electridan). 
EuccTXOTONtc.     Pertaining  to  or  derived  from  electrotunos. 
EutcnoTOMOs.     The  modificadon  which  a  iwrao-carrent  undergoes  when  acted  upoa  by  the  galyaaie 

ClUTBnt 

EutCTRu-VsTAi..     Pertaining  to  animal  electridty,  which  is  dependent  on  rntal  pnicesses. 

EucMKNT  (couple,  or  pair,  or  ocU),  Galvanic  or  Voltaic.  Two  heterogeneous  metals  immersed  In 
add  solution.  Thus  we  have  Smee's,  Grove's,  Bunsen's,  and  Paniell's  Eteoients,  called  also  a 
hittUry,  although  strictly  a  hattrry  meuns  a  series  of  elements. 

EtCTiLA  CuRRfiNT.  llie  current  which  is  induced  by  any  coil  of  wire  on  the  adjaoeat  oaHa  (A  the  sao* 
wire 

ExTRA-FOLAR.    Not  included  in  the  intra-polar  region  between  the  poles 

Paraoic  (Faraday)  CL'KKKKT.  The  induced  current  (p.  51).  The  term  is  applied  both  to  the  «/<rr/R» 
ma^nttic  t^\'\  mitg»tnhrlfctri(  cmrrrntt,  sine*  they  were  both  discovered  by  Faraday.  Called 
tXio  tfcoHiiary,  iMterrufited,  inJucrd,  imiucti-pe,  to  and  fro,  imUrtct,  tltctrv-mtagnttic,  Mm4 
tmagntte^tttttru.     In  thit  Xf^rk  the  trrm/aradif  hat  hten  uni/ortHly  ^dktrtd  t». 

FARAtMSM.    The  phenomena  of  the  dradic  currenL     Sometimes  used  itxt /araditatian, 

Pabajxzk.    To  affect  by  application  of  the  (aradiccurrenU 

f  ABADtXATioM.    Affecting  by  application  of  the  fiuadic  cuncnt.     '  Aocordinc  to  our  highest  suliMiAy 
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Ib  llie  orthof^raphy  of  thi*  depaitment  of  lermiooloffy— Mr.  Willumi  Whwier— ^r<«dWMAC*N,  ■• 

derffcd  from  Faraday,  would  be  more  conustnit  with  analogy  than  fiuadisitioii.    The  kCMr  Bod* 

of  ipeOing  th«  word  K%«  ib«  twofold  advantage  that  >i  hai  be«n  long  u&cd  and  ia  the  marm  liaiplii 

and  accordingly  we  have  retained  it  in  this  work  and  in  oU  our  reeent  writings.) 
rAKAOO-a»rn(ACTn.iTY.     Contractility  under  the  fandic  current 
Fara»>-£uictroi.vzation.*    The  timultanenuft  iu«  of  faradJgation  and  deciroiytatiaa. 
FARAfw-ruNCTi'in!.     Eicctro-puncturc  with  the  <aradic  cuireac,  not  much  u«cd. 
PAKAix>-SL-sCKmBiuTY.*    Su>ceptfl>tlity  to  the  Faradtc  cmreot. 
FMANltLttitc.     Fertaining  >»  XaticaJ  eletrtricity, 
Fbakkumsm  (Fkankun).     The  phenomena  of  statical  electrkity 
Fkakkunization.    The  application  of  ftUiical  electricity. 
I'teCTiONAi.  ELKCTRtcrrv.      Electricity  generated  by  frietioa.     It  is  one  form  oC  utatical  ekctridty, 

which  is  tJie  vtider  term,  including  electricity  generatad  by  pleasure  or  clearage :  but  tlM  ttrmt 

are  u«ed  ■ynnnymouaiy. 
Galvanic  ArPARATva.    Apparatus  far  geacFatukg  and  Amuahutg  the  galvanic  cuiraoL 
Galvanic  Bblt 
Galvanic  Oiain 
Galvanic  OIiclx.     Two  eaetab  in  a  Cquid— iha  galvuiic  elemeni,  pair  or  ccB  im  mciitm  h  ralad  ahm 

a  ctrtuit  or  ckMt.    A  circle  cnay  be  tiHgU—4Mt  oefl  or  pair :  or  c»m^mMd    aavieial  ytmBmH  •»' 

gether. 
Galvanic  CmtKENT.    A  cumnt  generated  by  dieBiical  actim  and  oaaiing  directly  bon  the  oA,  pde, 

or  battery  ia  which  it  is  generated  :  diatingwthed  from  the  fiomdic  cumenl,  (bat  i«,  induced  oa  a 

C9tl  of  wires :  called  also  ctntimmgtu,  atuUmI,  dirrci,  prwmuy,  cnrrrmt  o/tk*  fiU^  bt^ttrry  emr 

rtmt,  and  voltaic  cvrrfHt. 
Galvanic  (or  Electric)  Dtsacs 
Galvanic  Pair  (»«e  E'encnt}. 

Gai  VANic  P«K.^AiuEs  (intra-uteiine)  ~ 

Galvakic  Pottrtca* 
Galvanism  .    The  science  whidi  treats  of  eteetrieity  lint  ariiaj  (hot  dieuuml  action  -,  called  also  9mi 

tak  or  dyHJ\mkal  electricity  or  vtdtaisia.   Physicists  are  of  lare  indined  ro  prefer  the  terms  derived 

Cram  Volta  ;   Physiologists  and  Physicians  generally  employ  the  terms  derived  fran  Galvani. 
Galvanizat  ion      AfTecting  by  applicadoo  of  the  galvanic  cwrent. 
Galvanize.    To  afTcct  by  applicatkm  of  dw  gmlifamie  current,  crraaeoualy  applied  to  aD  farms  ol 

electrization. 
Galvani-tt.    One  who  uses  galvanism  (little  used). 
GALVAKo-CAtrsTiC  (se«  Colvano-cautery). 

GALVAMO'CAt.rmtl&M.      The  application  of  the  g^v:ino<autery  (see  Galvaoo-caotrricatioD) 
GALVANO-CAOTaKiZATiON.    The  act  of  burning  or  searing  by  a  iioo<XMiducting-wire,  heated  by  tha 

galvanic  current. 
OALVAWXAirnutv.    Cauterization  by  a  resisdng  wire  (usually  platinain).  healed  by  the  galvaak  CM* 

fcni :  called  also  gaivano-caustic.  or  ^Imit^^ttmitjr 
GALVAJfO-CONTmACTiUTV.     Contractility  under  the  galvanic  current. 

GALVAMO-TARAOtiATtON.*    llic  timnUaJt^cut  application  of  the  galvanic  and  &radic  currents. 
Galvamomrtrr  (or  tniiliif^lier).     An  instrument  for  deteriaining  the  pretence  and  direction  and  iiirnsnr 

tag  \ht  strength  of  a  currenL     1(  ts  {reqtimtly  used  by  electro-therapeutists  in  order  lo  aaoertaia 

dM  dose  of  ihe  gatvank  currrn*  thni  they  are  giving.      It  is,  however,  only  an  appronsMieiy  oar 

met  guide 
GALVAyo-fUNCTUluL     £kctTD>puncture  «ith  the  galvanic  currenL 
GALVANOscor*.     An  instrument  far  indicating  the /rrrr«c^r  of  dynamical  electridly  without  detcmuB 

ing  its  amount. 
OALVANt>-suRCKitv.    The  spplicatiea  of  the  gahnunc  narrent  id  siuigety,  a  part  of  electro^Biigwy. 
CALVANo-«.>!icsrTiiMLiTV.*    SuscepobiLty  to  th«  galvanic  current. 
GALVAHU-THRHAretrncs.    The  application  of  the /m/cmhut  current  to  iherapeutica,  a  pan  of  aiacB* 

thenpeuticK. 
GcxamAL  EutcntixATiow  • 

Gkmkral  KAkAt^zATiON.*    General  electruation  with  the  Csradic  cnnenl 
Gbiikal  Galvanization.*     General  electrincion  with  the  galranic  cuneat 
HsLXlU    The  coil  ol  wires  of  the  electro-magnetic  apparatus 
||rau>£LSCi  iuatiom.*    The  appiicatioo  of  eicctxvaty  by  OMans  of  walsr  aa  aa  ckclioih 
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(MCKSASiNC  CxJiriHijrr.*  An  applteah'on  in  which  the  strentth  of  die  cafTCfit  u  gniloaO/  Innrmmi 
without  brealciflK  the  current,  called  also  rtvtilinftMmMt^ 

iMOtKICT  £lJlCTRIZATIOK 

^noucxD  (or  tnJuciiom  w  fnductivc}  Cuknbnt,  A>  luuaUy  underttood,  the  curreot  vdtich  i*  iaduoed 
in  a  coil  of  wires  from  another  cent  through  which  the  current  puacs.  CuiTcnta  may,  howrver.  be 
induced  in  any  meultic  conductor  from  uiy  other  loetallic  coaductor  that  U  trawraed  by  tha  deC' 
trie  currenL  or  from  i^werful  magnets,  or  Grom  the  awgnetk  ftctioa  of  the  aarth. 

iNiwciNC  CiTRKCNT.    The  Current  that  gives  rise  to  an  induced  current 

lUDUcnvK  (see  Induced  Current). 

Intsmsttv.     Strength  of  currents  erroneously  used  Cor  tension. 

[msvlator  (or  Isolator).    A  bad  con ductnr  of  electricity. 

Insvlatkix     PUced  oa  Doa-conducting  supporu,  or  covered  with  some  ooo-oooductiog  subaeanocb 

iMTKHRUfTKi)  Ci.'"i««NT.  Broken,  intermitted.  The  (atadic  current  ts  necessarily  interrupted  by  dw 
apparatus  that  generates  iu    The  galvanic  current  nuiy  be  either  oontuiuous  at  interrupted. 

IimiA'POLAR.     Between  the  poles 

tOMS'    *rhe  constitucots  into  which  the  electrolyte  is  decomposed 

tniTAaiuTV.    That  property  of  organized  subiiancea  that  causes  them  to  respond  n>  stinuU. 

buuTABiUTV,  £i.KcrRO-Mu9Cut.A.H.  The  property  of  muscular  fibre  diat  causes  it  to  be  eanled  la 
movement  by  the  electric  current  Electro-muscular  irritabiltiy  may  exist  without  clectn>muaculaa 
cotitractility :  that  is,  the  muscles  may  quiver  or  be  spssmodically  excited  by  even  a  mild  cm  I  Mil, 
even  when  they  iaii  u>  contract  under  a  very  p<:twerful  current. 

InuTAajuTv,  PRIMARV.  SECONDA.RV.  AND  rERTiARV.  Degrees  of  irriubility  that  sm  observed  A\mn% 
a  stance  of  galvaniaation 

LABOJt  CuRxaHT  (or  applicationl.  An  applicaiiaa  in  which  one  or  both  of  the  electrodes  i*  moved  or 
glided  oytx  the  surface. 

Ljrmu*  Jar.     A  glass  lot Je  parttaUy  coated  with  tinfoil,  (br  condctiaiag  statical  dcctridty. 

Local  Elbctri2atiun.  Application  of  electricity  to  some  pan  or  organ,  as  dtstiagmshed  frocs  gen- 
etal  electriaadon,  in  which  the  application  i«  made  all  over  the  body.  Leeal'vi  practically  synony' 
roous  with  tocatUfd  electriutiun.  although,  strictly  speaking,  localued  implies  thst  the  direct 
action  of  the  current  is  confined  to  ihe  part  to  which  the  appliatuon  is  made,  while  local  do>«s  not 
■uggest  any  such  meaning.  AocurJitig  to  this  distinction,  electrization  may  be  li^al  without 
being  oflcessarily  lociiutcd.  For  the  sake  uf  uniforintly,  the  term  localized  has  been  gcncra.Uy  ad- 
hered to  throughout  this  work,  to  distinguish  all  local  applications  of  electricity  (see  Localiaed 
Electrizatioa). 

LOCAUZKD  ELKCTRizATioir  (p.  35  t)  (boc  Looal  Electriaaiioa). 

llAanNB  (Electric  or  Electrical).  Any  mechanical  contrivance  that  geaenstes  any  form  <A  deetricitv : 
alao  called  tU<trU  af>/tarattu,  but  strictly  is  uwre  oowptex  than  apparatus.  Thus,  Cot  exaonM^ 
we  have  Holts's  tnachiite  for  statical  electricity  :  Kidder's  machine  for  the  galvanic  and  fumdic 
currents,  etc 

Mackktism.    The  power  which  certain  bodies  possess  of  attracting  iroo. 

Magnktization.     Thcactofniagiictizing. 

MACMtTO-ELKCTRicn-Y  The  current  induced  by  a  magnet,  as  in  the  magneto-electric  or  rotary  cppm 
tKs.     It  is  one  form  of  ttie  Datadic  current,  of  which  the  electro-magnetic  ia  the  other 

MA<a<BTOMRTER.     An  ins^tnimcnt  for  measuring  magnetic  declinauon. 

MACNrrs.     Substances  that  have  the  property  of  attracting  iron. 

!UouK:tn.Es.    I'he  minute  particles  oi  whieh  bodies  are  composed 

Monw  Points.  Points  on  the  body  where  lite  oerves  atid  muscUa  roost  readily  respond  to  etecirii» 
boa  :  ttuve  specific  than  electric  points  which  is  a  general  innn,  and  includes  all  forms  of  reaction  to 
the  electric  current, 

Mtn.TiPUKR.  Ad  instrument  for  multiplying  or  increasing  a  force— as  beat  or  electrictty.  The  t^'rm  is 
applied  both  to  th^g.^h'ttn^^mettr  and  tUrrmihmutti/lier 

NXCATIVB  MoDIFICATtO.V 

Kbgati VK  Vol*..    Where  the  current  passes  out :  called  ilao  *imcf*ti  or  eaUutdt.    The  cwnDt  b  Ml 

stronger  at  the  negative  than  at  the  positive  pole. 
Neoativk  Vajuatiow 

NsRVK-MUiCLB  Cl/UtCNT 

Omtiiio  CtWTteAcnoNS.    Contractiaas  produced  at  the  opening  of  the  dicak. 
OaoHs 


I 


-aaS 


GLOSSARY. 


749 


Pabasucmvtism,    That  property  of  lodie*  by  whitii  th«y  wmnSSatrnM^miSc  plienoiBeiia  oppoijie  aaj 

COfTei ponding  to  iron 
fUiPHVRAi,  Ei.£c-nu2ATtoN.     Elwtiuadan  of  the  penpbcjy. 

PERtrOLAR  AKRAN(;eMRN-T 
Pll.C-l.tKI  AKRAMGKMRMT 

pLATunm  (or  PUtinal  (fram  Spaaidi  plaiiBa,  Bhrar).    A  meal  lued  in  dactrka]  rescarcttt. 

Plsxvs-Kkxvb  Clrrkxt 

PoLAS.     Relating  to  the  pole*. 

Poutmi  IV  Of  EucTKicT-n-.    That  propertyof  dectridryby  wfaid)  pecubar  pheiMaMna  ofthe  po*ittv«aB4 

negative  are  exltibtted  at  certain  pointa  (p.  a?).     Polarity  of  a  nerve  is  that  condilioa  of  a  aerva  liy 

which  one  part  is  exhibiting  a  positively  and  the  other  a  negatively  electric  state. 
PoLARiZABLL    Sosfxpt  ible  of  polariiatidn. 
Polarization.     Theactofgivingpolarity  toabody  inbalteriea 
Pouut  Method.  The  toethod  o*  appli^tian  by  which  the  distinctit-e  and  differential  acdon  of  eadi  pole  i| 

obtained,  by  piadng  one  pole  over  the  part  lo  be  afiected  and  the  other  in  lome  indiflerent  pofaM  i 

called  al»o  umfioLir. 
PoLAans.     TocomniMoicate  polarity  to. 
PoLAnzii«C.     Giving  polarity  to. 

Polarizing  CifRRkUTT.    The  current  that  produces  tbedectrotoaicooiulttion. 
Pot.Ka     Poinb  where  magnetitm  it  coaoentra ted,  or  where  the  etectric  current  piwra  in  or  out    Tba 

terms  ^ithx  and  negatiTc  axe  relative,  not  absolute,  sbica  their  pontkio  vmtiea  with  (h*  idBlfM 

position  of  the  electrodes. 
Posmva  MutxricATioM 

Pusinvx  Pole.     Where  the  ctuxent  enter*,  called  also  rtipffrpoUoc  mmttU 
PxtMARV  CvmwiSitT  or  Imducihc  Ci/RRBirr.    The  current  that  paasca  thrmgh  the  inner  coil  oi  wire  ia  s 

helix,  and  that  induces  a  current  on  the  cxhI  that  surrousds  it  (p.  €»).    Used  erroikeoosly  as  ayaoaf- 

mous  with  /alvauie  or  constant  current. 
Protracted  ArrucATioMS.*    ApoUcations  that  are  made  fiv  a  soy  loag  time.    AppEications  of  gal- 
vanic belts,  disks,  and  poultices  are  protracted. 
UVAUTV  OF  A  CtTRREKT,  as  distinguished  from  quantity  and  intensity,  icfars  to  its  imoothiMU  or  harrfn 

aaas,  or  lo  the  rapidity  or  slowoess  of  mtemiptiao. 
QvAirrfTY 
SUBcraic  Rkactiom.    The  phenomena  developed  by  any  part  of  the  body  oader  the  iaJliifiira  al 

electridty. 
Rractiom  (Galvamic).   ^See  Electric  Reaction.) 
RcontOER.      An  Electrode. 
RnsisTAMtx.    The  opposiiB  of  ooaductivity.  That  ptupeity  of  bodies  that  makes  th«a  resist  or  «WQM 

the  passage  of  the  cmreat 
RcvBtn  CvmutMT    (sec  Ascending  Current). 

RmocDKO.     Aa  inso-ument  for  coniroUing  the  fluctuatiatks  of  lbs  cuneat. 
KkcoMOTOR    (seeEIectTOoiotM]. 
RMCcrroMa  (^4m  r«ii»'f  ir,  to  cut).    A  current  breaker 
Rhbostatb 
Rotary  MAcmNR.     Magneto  altJCtric  buujudcs,  ia  whicfa  the  iaduoed  electridty  Is  generated  by  eutv 

mga  crank. 
Sbcdmimrv  Cl-rremt.    llie  faradic  current,  called  also  ihe  i»ttrru/t*d,  imdmctd^  mditeHot  *Uetr^ 

m»gntt%c,  /ar^ic,  etc. 
fiiiN»iaiLiTY,  Eli[ctro-M(<»cvl.ar.    T1)e  pecuUar  subjectava  -*■—*'•—  which  is  capcriRBced by  diaoaa* 

tnctioo  ofa  muscle  under  ihc  electric  current. 
Bttoot.     A  sudden  single  discharge  of  electricity,  such  as  b  gtvcn  fifwa  a  Leydon  (ar,  or  apparatus  far 

statical  electridty. 
Sr^rtc,  Ei.ECT«ic.    The  spark  that  attenda  the  diacharga  of  eloctiicity  on  the  paasag*  sf  tfaa  euneaa 

Crma  one  conductor  to  anothor. 
SriHAL-CORO  Orrknt 
(iri!«AiXk»RD  MusciJi  Currevt 
CiiKAL-CoRo  Naava  CintaaMT 
friMAL-CoRD  Plexus  Current 
5nMAi.-CoRu  Ruot  Curremt 
ftTaauc  CuRREKT  (or  applieatioa).     An  applicadoa  ia  wfcidi  both  dactnidm  ara  kc^  la  a  feai 
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Statical  EutcntKarr.    Elactiidty  b  rr#/,  i«iMi«>eJ  by  fcietioo,  pnama%  ordmwmga 

StIEBMGTH  OF  THB  CtnUIKNT 

SwxLUNC  CuKRmT  (tce  Inareuing  Ctaneat). 

TSNSION 

IkTANtzATiON.    The  producdon  of  B  tetsiiic  tute  b  A  Dave  bjT  pantng  B  fihnuiic  c 
THBSMO-EuKmucrrv.    Thedectridtr  that  bgeBWMed  by  bMriiig  two  h« 

their  point  of  junction 
To-and-Fro  Current  (tee  FBndic  CumrJ). 

Ukworm  CinoBMT.*    AcuiTCnt-tfaatiskqitBtdMaunBBtnattfadariiictfaeivplieMba. 
Umitolar  Mrmoo  or  AmtCATioM.    Oaepo>eoalfaep«ttfaatiatabaaffBCtMl,aaddMotbcranKH 

mdifferent  point :  CRlIed  bIm  pofatf  nedwd. 
UmNTBmuPTBD.    Unbroken,  oontmuoua  <Me  Cootbooiit).    AppGad  only  «>  th*  cBhraaic  oonca 

nnce  the  fiuadic  is  ahwAys  mteirupted  by  the  mBchJao  ttrntgrnmaamk. 
Unit 

UmotARWAiA    Not  maoeptiUeof bene  pobriwd. 
Volta-Elbctric  Induction  (aee  Inducdoa). 

Voltaic  Altbrnativo.    Changes  b  the  direction  of  ifaa  sBhraak  canroBt. 
Voltaic  Pilb  ob  Battbxy  (Voltm).    A  leriet  of  dementi  ■oamuicad  tfaU  tha  dne  of  one  element  m  ou 

nected  with  the  copper  of  tha  odier 
Voltaic  Curbbnt  (Volta)  (aee  Galvanic  Cuirent). 
VOLTAISM  (see  GBlvani>ni)i    Although  tha  honor  oitinBtttwBaRae  to  uVriiiiky  icnerated  by  cJicaac 

action  is  really  deserved  both  by  VoltB  and  Galvaiii,aiid  has,  to  aoertab  atent,  been  accoraeJi 

both,  yet  the  term  galvuiism  with  iu  derivatives  has  practically  secured  an  ascendancy  which  it« 

probably  retain. 
VoLTAMETEK.    An  apparatus  for  testing  thestrengtb  of  tlw  cuRent  bymsamnis  tbe  hh— lily  el  gi 

given  off  b  a  given  time  durbg  the  decomposition  of  water 
W^rkinguptkt  Bat*.*  Electrolysis  cf  the  Base  of  tmnoa. 
bac  POLB  (see  Negative  Pole) :  caOed  also  rsAladr. 
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Abbrkviatioks  in  Electro-thenpeutka,  160 

Acute  disease*,  650^  6a8 

Adenitis.  71^ 

Addison'*  dwessc,  637 

Adjustable  electrode,  391 

After  cflTects  of  electrical  treatment,  394 


Acne, 

Ague. 
Aldiiii 


J^. 


•isacea.  510 


637 


Alduii's  researches  b  Animal  Electricity,  91 

Alopecia,  515 

Alcohoiisin,  chronic,  651 

Amalgamation  of  zinc,  35 

AnMuro-os,  586 

Amblyopia,  5S6 

Amenui  rh'fa,  <i29 

FrogiMMis  in,  S34 

Cases  of,  534 
Amp^e's  theory  of  Magnetism,  51 
AtMcsthcMa.  446 

Tactile  Aensibility  in,  446 

Farado  sensibility  in,  446 

Klectro-diasnosis.  448 

Pn>gnosis.  449 

Treatment.  448 

Cases  of,  449 
Anaesthesia,  cuuneous,  509 
Anaekthesia.  electro,  110 
Aiuesthesia,  hysterical,  450 
Anatomy,  electro  physiological,  153 
Anatomy,  e'.ectro-thereapeutiad,  383 
Anelectrotonos,  101 
Aneiectn>tonos,  theory  of,  103 
Angiomata,  686 
Aneurism,  716 
Aneurism,  statistics  of^  treated  by  electricity,  717 

Cases  oi^  718 
Angina  pectoris,  616 
Am,  prolapsus.  570 
Animal  electricity,  87 

History  of  its  discovery,  90 

Aldtni's  researches,  gt 

Humloldt's  researches,  90 

Du  Kois-Reymnnd's  researches,  9t 

Nobili's  researches,  91 

Matteucci't  researches,  91 

Apparatus  f<>r  studying,  94 
Anosmia,  645 

Cases  i>f.  646 
Apparatus  fir  electro-therapeutics,  391 
Antozone,  650 
Aphonia,  571 

Prognosis,  575 

Treatment  ot  573 

Cases  of;  576 
Applications  of  electricity,  care  in  details,  340 

Time  of  day  for,  343 

Time  o(,  343 


Applications,  Frequency  ot,  344 

Prolonged,  345 

Combination  ^  melixMls,  a^H 
ArmaturcN  magnetic,  6 
Artificial  magnets,  3 
Arthritis  nodosa,  4^ 
Artificial  respiration,  613 
Ascites,  644 
Aspcrmatism,  563 
Asphyxia,  61  a 
Asthenopi,*,  584 
A&thma.  496 
Astraphobia,  415 
Ataxia,  locomotor,  474 
Atrophy,  progressive  muscular,  47S 

Cases  of,  479 
Auditory  nerve,  galvanization  of,  13X 

Reaction  of,  502 

Normal  formuUi  oC  131 

Changes  of  reaction  in,  593 

Hypersestbesia  of,  593 

Anassthesia  of^  593 

Bacteria,  action  of  electricity  on,  199 
Baths,  electric,  395 
Baths,  electro-chemical,  737 
Batteries,  galvanic,  w 

WoUaston's.  38 

Daniell's,  3a 

drove's,  33 

Hunsen's,  34 

Hieimo-electric,  63 

Farmer's  thermo-electric,  6| 

Cabinet.  309 

Kuropeaii,  336 

Becker-Muirtiead,  338 

Marine,  39 

Callan's  iron-zinc,  38 

Oas,  31 

Polarization  in,  30 

Double<ell  constant,  33 

Bunsen's  bichromate,  3S 

Walker's  single-cdl,  35 

Smee's,  36 

Leclanch^'s,  37 

Water.  39 
Bed-sores,  n6 
Belu  and  chains,  445 

Pulvermacher's,  445 

(•aU-anic,  445 
Benign  tumors,  686 
Bioscopy,  electro,  a8i 
Bladder,  disea'^es  of,  566 

Paralysis  of,  568 

Diswiution  of  calculi,  733 
Blepharospasm,  586 
Blood,  action  of  electricity  on,  (64 
Branch  currents,  39 
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Bri(;ht's  di&ease.  644 
Koils  730 
Hrass  Uill,  320 

Urain,  acdun  of  electricity  on,  iia 
llrcnner's  apparatus,  316 
Kiirnent  fur  galvano-cautcry,  678 
Kuboes,  569 
Itunsen's  battery,  34 
Bums,  729 

Byrne's  galvano-cautery  apparatus,  674 
Cabinet  battery,  309 
Calculi  in  bladder,  dissolution  of,  733 
Callan's  iron-zmc  battery,  38 
Cancer  treated  by  electricity.  702 
Cancer,  relief  of  pain  of,  by  galvanicition,  7x4 
Carbuncles  7»9 
Cauract,  589 
Catarrh,  644 
Catelectrotunos,  101 
Catelectrotonos,  theory  o^  103 
Celtuliits,  chronic  pelvic,  539 
Central  galvanization,  370 
Electiodes  for,  380 
Battery  for.  380 

and  localized  galvanization,  383 
and  general  faradization,  384 
History  of,  214 

In  the  treatment  of  skin  diseases,  505 
Cephalalgia,  430 
Cerebral  congestion,  421 
Cerebro-spinal  fever,  630 
Chilblains,  729 

Children,  new-bom,  resuscitation  of^  614 
Children,  diseases  of,  545 
Chorea,  545 
Whooping  cough,  545 
Cholera  infantum,  545 
Lar>'ngismus  stridulus,  545 
Marasmus  and  debility,  545 
Incontinence  of  urine,  544 
Vomiting,  545 
Infantile  paralysis,  545 
Chloride  of  silver  battery,  308 
Cholera-infantum.  551 
Chorea.  545 

Treatment  of,  545 
Prognosis,  546 
Cases  of,  546 
Chromatogcnuus  diseases,  514 
Chronic  alcoholism,  651 
Cilio-spinal  centre,  115 
Circles,  galvanic,  22 
Cirrhosis  of  the  liver,  643 
Club-foot,  733 
Coil,  primary,  57 
Coils,  induction,  S7 

RuhmkorfTs,  58 
Conduction,  the  a>nvcrse  of  resistance,  70 
Condenser  of  KuhmlcorfTs  coil,  59 
Congestion,  spinal,  421 

Cases  of,  422 

Consunt  batteries,  double-cell,  3a 

Coustipation,  nervous,  521 

Prognosis,  521 

Cases  of,  522 

Internal  applications  in,  523 
Contact  and  chemical  action,  theory  of,  43 
Contractions,  closure,  274 
Contractions,  opening.  274 
Contractions,  muscular,  497 
Contractilitj',  electro-muscular,  148 
Contractions,  diplegic.  279 

Galvano-tonic,  145 
Convalescence,  651 
Cough,  nervous,  578 
Coughing  produced  by  electrizing  the  pneuniogas- 

tric,   131 

Cornea,  opacities  of,  587 


Coulomb's  theory  of  magnetisin,  4 
Cramp,  writer's,  490 
Current,  break,  56 

Extra,  56 

Chemical  action,  the  origin  of,  26 

Derived  or  partial,  or  branch,  ao 

Induced,  properties  of,  60 
Cur\;ature,  spinal,  733 
Ciittin'4  l<iops  for  galvano-cautery,  678 
Cystic  tumors,  693 

Daniell's  battery,  32 
Deafness,  hysterical,  599 

Following  cerebro-spinal  fever,  601 
Definition  of  electricity,  a 
Derived  currents,  29 
Density,  12 

De  Watieville,  on  the  laws  of  electrotonos,  104 
De  Waiteville,  on   the  excitability  of  cutaneous 

nerves,  11 1 
Diabetes,  641 
Diarrhoea,  chronic,  521 
Digestion,  diseases  of  the  organs  of,  517 

KIcctro  diacnosis,  517 

General  principles  «f  treatment  in,  5T.7 
Diphtheritic  paralysis.  628 
Djplegic  contractions,  279 
Disks,  galvanic,  445 

In  myalgia,  486 
Dose  of  electricity,  236 
Double-cell-consrant  batteries,  3a 
Drescher's  galvanic  battcr>',  313 
Dropsy,  644 
Du  Bois-Keymond's    researches    in  animal  eteo 

tricity,  91 
Duclienne  and  Remak,  209 
Duchenne's  apparatus,  327 
Dynamical  electricity,  terminology  of,  51 
Dyspepsia.  519 
Dysmenorrhcca,  529 

Membranous,  537 

Due  to  spasm  of  the  os  uteri,  539 
Dysphagia,  from  spasms  of  the  pharynx,  497 
Dysphonia,  cases  of,  577 

Ear,  diseases  of,  590 

Internal  method  of  electrization  of|  591 

External  method  of  electrization  of,  593 

Electro  diagno^is  of  the  diseases  of,  592 

Middle,  chronic  suppuration  of,  601 

Middle,  subacute  inflammation  of,  601 
Eczema,  505 

Effects  of  electrical   treatment,  how  to  judge  oi 
the,  247 

<  )f  localized  electrization,  343 

Of  general  faradization.  364 
Electrical  relation  of  elements,  24 

Treatment,  after-effects  of,  258 
Electricity,  frictional,  8 

Statical.  8,  390 

Distribution  of,  11 

Magneto,  60 

Thermo,  63 

Animal,  Reymond's  theory  o(  91 

Statical  use  of,  390 

Animal,  87 

of  mi 

Franklinic,  8 

Loss  of,  9 

Polarity  of,  27 

Conversion  of,  into  heat,  29 

Nature  nnd  definition  of,  2 

In  the  living  man,  92 

Action  of  on  the  skm,  105 

On  the  brain  and  spinal  cord,  119 
On  the  sympathetic  and  pneumogasi 
tnc,  116 


Induced,  ' 

A  mode  of  motion,  27 
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Electricity,  action  of  on  the  nerves  of  special  sense, 

138 

On  motor  and  sensory  nerves,  and 

voluntary  muscles,  141 
On  involuntary  muscles,  158 

Eflecu  of  on  nutrition.  176 

Mechanical,  physical,  chemical,  and  physio- 
logical effects  of,  176 

Eflecis  on  secietion  and  excretion,  185 
Absorption,  188 

Re(i<:\  efTucts  uf,  188 

In  plrtiits  and  fruits,  194 

Oenrral  therapeutical  action  ot,  317 

Dose  •)f,  236 

Cumulative  action  of,  351 

Its  use  by  the  laity,  259 

Fishes.  89 
Electric  machines,  la 
Electric  licht,  39 

Baths.  395 

Kffects  of,  397 

Cieneral  rules  for  giviuK,  398 

Moxa.  333 

EnpUirer  or  probe,  734 

Disks,  445 
Electrical  cn•i<>^^to^is.  179 
£loctri2atiiin.  Iiicaliicd,  331 

Hi<itt>r>'  ot  207 

Ratio'tale  »(,  231 

Instruments  for.  331 

With  muistcncd  electrodes  333 

Details  of  application  of,  3';5 

Of  plexuses,  nerves,  and  muscles,  341 

Effects  of.  343 

In  it»  relations  toother  forms  of  treatment,  358 

Direct  and  indirect,  333 
Electn>-ana:'>thesia.  ito 
Electrochemical  Inths,  737 
Electro-hioscopy.  281 

Electro-conductivity  of  the  human  body,  168 
Electro-diagnosis.  268 
Electro-sensibility,  369 
Electro-muscular  contractility,  148 

Sensibility,  148 
Electro-dynamical  induction,  51 
Electro- magnetic  helix,  53 

Machines,  57 
Electro-magnetism,  51 
Electn>des,  319 

Metallic,  333 

Unpolarizable,  335 

Moistened,  elcctnzatioa  with,  333 

Brass  ball,  330 

Foot  plate.  347 

Uterine,  5^1 

Intra-utenne,  531 

Recul,  533 

Double  uterine,  531 

Vaginal,  533 

Catheter,  563 

Double  vesical.  567 

Adjustable,  331 

Care  of,  336 

Polarization  of.  31 

Universal  handle  for,  319 

I>ong  sponge,  330 

Hard  rubber  kaiidle,  330 

Duchenne's.  319 

Sutionary.  321 

Spinal.  333 

Current  rcverser,  334 
Electro-magnet  in  extraction  of  foreigi>  bodies,  736 

Negative.  28 
Electn>-medica(ion,  740 
Electro  motive  force,  66 
Electro-muscular  sensibility,  148-373 
Electro-physics  1 
Electrometer,  Thompson's  qtiadrant,  16 


F.Iectro-patbolouy,  368 
KIcctro-physiology,  87 
KleLtro-physiognumy.  153 
Klccttt>- physio  logical  auatomy,  153 
Electro-surger>-,  655 

History  of,  655 
Electro- therapeutics,  history  of,  198 

Apparatus  for,  391 

Causes  of  failure  in,  374 
Electro-therapeutical  anatomy,  383 
ElectrotyNis,  dcfiniiion  of,  45 

History  ol,  45 

Tenninology  of,  45 

I^iws  of,  46 

Theory  of,  49 

Its  iiautre  .<nd  general  methods,  661 

Necdio  h>r.  666 

Of  living  and  dead  tissue.  180 

Of  the  tMsc,  inethotl  of  operating  by,  668 

Apparatus  for.  663 

Conductor  for.  664 
Electrolyzing  the  l>a»e.  Ij6j 
Electrophiirus.  15 
I  Electniphorus  machine.  Holtz's,  13 
KlcctroM.i>()e,  golil  leaf,  15 
Electnitiiiios,  drtiiiition  oL  99 

Molecular  theory  oC  99 

(►f  mii'^ie.  103 

In  the  living  man.  104 

Fractic-.d  bearing  of  its  laws,  104 
.'  Elephantiasis  514 

',  Klemeiits.  electrical  relations  of  the,  34 
Kndosmosis,  electrical,  179 
Erectile  tumors.  t86 
Epithelionui.  703 
Epilepsy.  500 
I  Cases  of,  500 

Epileptiform  neuralgia,  434 

Cases  of,  43.S 
Exhaustion,  ner^-ous.  404 
Exophthalmic  goitre,  6ao 
Extra  current.  56 
Extra-uterine  pregnancy.  605 
Eye,  diseases  of,  581 

Paralysis  „{  the  muscles  ofi  583 

Klectrizatiun  of,  j8i 

Prognosis  in  paralysis  of  the  muscles  cS,  s8a 

Asthenopia.  584 
.  Amltlyopia  and  amaurosis  586 

Lid.  spa>.m  of.  586 
Eyelid,  cases  of  spasm  o£  587 
Eye.  opacities  of  the  cornea,  587 

I'tosis  588 

Mydriasis  and  myosis,  588 

Ncuro-retinitis  588 

Strabismus,  ^88 

OpaciticN,  vitreous  liumor,  587 

Photophobia,  587 

Cataract,  589 

Facial  neuralgia.  434 

Casc-^  of,  43  s 
Facial  paralysis,  467 
Cases  ot  468 
Facial  spasm.  497 

Treatment  of.  497 
Farad.  66 
.  Faradic  current,  effects  of,  107 
Faradic  ana:sthesia.  738 
Faradic  and  galvanic  currents,  compantiTe  value 

of,  361 
Faradization,  era  of,  307 
C.alvano  266 
Dr^-  or  cuuneous  333 
Faradiz.)tion,  general,  347 
History  oC  3ii 
I  Apparatus  for,  350 

I  Effects  of,  364 


Fuhe*«  elcctpw:,  $9 
Fi«tuU,  736 
Flatulence,  517 

F.jn;.--  -I.vini  mi.iive,  66 
Foth  o,  434 

Fuv.  ,  Jig 

Frail..     : vyo 

FrankJuiib  cktincity.  Action  aS,  107 

Km  of.  199 
FritsKh,  researches  of.  113 
Frnnklinixiii'iii,  mcihodiof.  393 

Apparatus  for.  jgj 
FricUuiial  electricity,  8 
Froi^t-Ub;.  7*9 
Furuncle*,  739 


GAiFrE,  baitery  of,  3*7 

r<alvani'»  re«e»rches,  43 

Galvanic  Luucnu,  in 

Oolvi^nic  curreni,  effects  of,  109 

Gdvanic  and  <ar»ilic  cuirents,  compuoave  value 

of,  a6i 
Galvanic  Mu  "^nd  diiks,  445 

CifcuitJ.,  com^und.  ae 

C  ircuiis,  hiimogcneit)-  u(^  23 
Gliivani«nni,  19 

Farly  hijitary  of,  4a 

Kr*  of.  303 
G»lv«nimii..n,  ccntml,  376 

History  of,  114 

Of  the  he»tJ,  335 

Of  the  sympathetic,  ^36 

Of  the  pnciimogaiiinc^  337 

Of  the  tpine,  338 
Galvai«o-cauter>>,  hi»tor>  oi,  «r73 

Apfiaratiit  for,  673 

Uses  of.  6«i 

Adv«titagcti  of,  68] 

Advantage*  of.  ttvcr  the  actual  cauteiy,  673 

Burner*  arxi  cutting-loops  for,  678 

KulcK  for  the  use  of,  68a 

Adapuciofi  to  various  departmenlA,  663 

Byrne' »,  674 
Galvano-ianidic  Mfg.  Co..  303 
GaJvanic  Nppunttus  Drencher's,  313 

Meyer  and  Melttcr's,  337 
Galvano-punciiire  iti  »ctatica,  44* 
Galvaootneicr,  40,  313 

Thomnon'".  reHectinir,  41 
Galvanr>-tonic  coniractiuas,  145 
Galvanoscopes,  313 
Gas  Lotteries  31 
Galvano-faradJJatJQB,  366 


dii  -  u»e  tit,  3 

GeiKj,,.  ,:  -'  ^f-tiui 

Cetiitu-Lirii  :iMM»r»« 

Irv.. 

Gleet.  568 

Glok>M>larynecal  paralybs,  464 

'  '  ■"        ■  wmof,  577 
'is  • 
.    56« 


--^ry,  31s 


(.  uc  of.  48S 

KliMimaltc,  ^ed 

I'rrattneni  of.  4S8 
Gravck'  di»caM^,  6k> 
Grove's  baiier>',  ii 
Gustatory  ("•■-v-    ...  ^•.^T^ 
Hmrs  f'^m 
Hall's  fara 

Twin, I;,   . 

Hay  fc\cf,  650 
HariHacfXclc.  T^i,  S4> 

H«IT"."t'.,.,-!.      .•-.-. 

Ha.i  le,  j6» 

Hc.i  ■"*>C335 

Progrtosis,  430 

Ca>es.  431 
Heart,  galvaatfation  of,  160 

Disease*  of.  615 

Palpitation  of,  615 

Cascs  ol,  61  s 
HcUx,  5' 
Heniplegta,  463 

Ouc*«  463 
Hemon-hag<^  p«»t-p«itiun, 
llerpeo  MMicff  311 

FroikiBlu  M«l 
Hernia.  733 
Hiccough,  498 
Hip-joiiit.  7'i 
History  of 
Hislorv  ol  • 

C.civ 
Hiuic,  rc^i 
HumTioldr  anintal 

Hydatids  ol   .:    ;d  by 

Hydrticclc.  730 
Hydro-clectruation,  rj9 
Hydrophobia.  498 
Mydrosui,  y>i 
Hyperplasia,  uierinc,  S43 
Hypochondnatix,  40* 

Treatment,  403 

Caiie^  403 
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ImpcMeoce,  etectrodiasnow,  561 

Ircjuaciit  <>i,  561 

(      - 
Incontii  ,  551 

luducf'  'fcnrot  ordenoCj4 

Induction  of  a  ciirrcnc  on  itself  S^ 
IndiMrtioa,  statical,  10 
Inductioa  coSs.  5:7 

DiAerential  indicadoas  for  the  um  oC,  «9i 

1^  '  nicai.  SI 
I 

IniaotLl'  31 

!  I  niuMJes  5S* 

1  ris   55J 

I  .  ^iv  554 

Prognosis  555 

Casci,  556 
liuinm-,  416 

C4«e»  oU  41B 
InLmtiiai,  cholera,  S5< 

InicTTupuoiis.  sl4w,  oompMatnre  value  of,  330 
Insomnia.  4x3 

Tr<..itcnciit,  413 


li>tr.i 
i 

I 
( 


v.  68 
'.c,  531 

-^40? 


Invutiiiiury  musclets  KOoa  of  eWctncUy «n,  158 
Irritabiliiy.  rutontion  of,  103 

Ilesrces  of,  136 

How  luKu  raoiincd  after  death,  141 
Jri«,  action  of  eWtruaty  an,  158 
intaginaliun,  $33 

Jam,  I^den,  16 
Jaundicct  5*1 

KanATiTf*.  5^7 

Kidder'    "  ..ponttus,  cut  oC  19s 

I  iratus,  305 

1  ^titeiy,  675 

kuici  lor  the  use  aa«l  car«  «0  a^ 

L.ACTIML  secrelion,  dcfiacnt,  604 
Larynx,  diMaaea  of,  571 
Lvyngumus  stridulu*,  577 
Larynx,  otwiuti  clectnatioii  of.  371 

Awetthesi*  of,  $80 

Hvpcnncbeua  oC  S79 
Lead  |»I*y,  4S3 
LadMCh/*  (MtMry,  37 
LeucorrtMea,  s'9 
Ley  den  jar,  16 

HUiory  of,  17 
Leucbderma,  514 
'.khcn,  509 
.  ^iLZijtiMn  iftMlute  or«lcctncii7,  impoMible,  345 

-      .  riccuric,   18 
,  jy^T.  ,  irrhosis,  643 
JJghtning,  fear  of,  415 
Lipi^mata.  701 
Localised  fantdiaadon,  history  of,  307 

Oalvauiiaation.  history  of,  309 

Elactraaiion.  3^1 

lii-tfuiiicnt-s  for,  3JI 

T  plication  of.  J35 

Lo(aJi.  r  1]  faradization,  di&RDlul  in- 

dicaiiDtn  I'jr  (he  use  ot,  37a 
Locoini^mr  atasy,  474 

Klcctio-diagDOM!^  475 

TrHlment,  476 

PnvBosis,  475 


Locomotor  ataxy.  caMS  ct,  477 
Lungs.  diMrate*  of,  6i8 

llACHiKe,  electric,  Holts'*,  I3 

EtcctTu-nufnetk,  57 
Magnet,  Grucning;'»,  731 
Magneti,  ardlicial,  3,  431 

Shape  uf.  6 

Polarity  of,  3 
Magnetic  arniature,  6 

Inductiou,  5 
MagnetLsm,  1 

Oiulotnb'*.  theory  0^  4 

Of  rotationt  62 

Of  brukeri  m;ignets,  4 

Electro,  51 

Ampere' &  theory  o£|  51 

lu  headache,  431 
Magiieucaljun,  6 
Magneti>clectridty.  60 

Elcctru:  machuies,  301 
Malignant  tiimnr».  6S6 
Maraiinu»,  55a 
Maritime  batter)-,  39 

Matteucd's  reicarche*  in  animal  elecirkity,  91 
Mdanoderma,  314 
Meyer  and  Mettzer's  apparatus,  337 
Mamniar)*  gland,  di««a»es  <A,  604 
Mclaiiciiulia,  402 
Menorrhafia,  j»9 
Midwifery,  Ooa 
Mieraine.  433 
Milliatnpcrcmeter.  330 
Milk,  Udficieat  •ecretion  of,  604 

Treated  l\  e\r^:n\-ity,  605 
MiiCcJUneou'  i»e*,  €37 

Intermi:  7 

Addi»i<h  .7 

Sa|Kire»krjn  uf  unue,  640 

DiabMBi,  641 

Dippsicai  emiskna,  644 

Uright'i  diieaie,  644 

Catarrh,  644 

Anosmia,  643 

Odontalgia,  647 

Hay  fever,  6;o 

Obesity,  651 

Cirrhuiis.  643 
Morba?  coxarius.  733 
Mutor  poinu  of  tnuscic*,  a63 

Nerve*,  action  of  eiectridty  oa,  141 
Mother's  faatlts,  M6 
Moxn,  electric,  33* 

Mulu'pic  eiement  battery,  Byrae't,  674 
Muscle,  cIcctrotonoH  nf,  103 
Muscular  atrijphy,  progre«ssi*e,  478 
Muscular  cuntractkma,  447 
Muscular  rheumatism,  486 

TreatmcnL,  4S6 

CaseisoC  487 
Myal^>a,4S6 

Mydriasis  and  myosis.  588 
Myosin  and  mydria&isi,  588 
Myo-sdcrotic  paralyses,  progrcsshp^  48a 

KaTCRE  of  electricity,  a 

Nkvi  treated  by  clectrolyus,  6*7 

Neck,  Apjili^ation^.  lo.   151 

Needle-  4 

M  n«  for  electrolyiu,  667 

Negaui 

Variaijcm  of  Lhe  miisctlLu  cuiTCat,  IM 
Nerves,  electriiali  m  of,  )4l 
Nerve  muscle  current,  341 
Nervous  exhaustuxi,  404 

Cough,  57a 

Dyspepsia.  517 
Neurasthenia,  404 

vs.  aozmia,  404 
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Neurasthenia,  treatment,  404 

Prugnocis,  40$ 

Cases,  405 
Neural^.  435 

hlectro-diagnosis,  4*5 

Treatment,  435 

Prognosis  4t7 

Intercostal,  438 

Central,  430 

Cephalalgia,  430 

Facial.  434 

Kpileptitonn,  434 

Spinal  uritabon,  408 

Peripheral,  437 

Gasiralgia,  438 

Sciatica,  441 

Angina  pectoris,  6x6 

Galvanic  belts  and  disks  ii^  445 

Cases  of  &icial,  434 

Reiiex,  444 
Netiro-retinitis.  588 
Neutral  line,  3 

Point,  I03 
Nipples,  sore.  tx>$ 
Nipple  shield,  galvaiuc,  605 
Nobili's  researches  in  animal  dectiicity,  91 
Nutrition,  cSects  of  electricity  00,  176 

Obesity,  651 

Odontalgia.  647 

t>:dema,  682 

OCsuphagus,  stricture  o^  735 

Ohm's  law,  65 

Opium  poisoning,  paralysis  from,  454 

Ophthalmosct^pic  enaminatioa  of  the  retina  in  gal- 

vanizatK^n  ot  s)-mpaihetic,  134 
Opiic  ncr\-c,  action  of  the  galvanic  current  00,  laS 
Orchitis.  569 

CaN«  oC  569 
Ovaries,  irritation  and  congestioa  ot,  543 
0\-arian  tumors,  701 
Otooe,  647 

rh>-Mi>logical  and  therapeutical  cflects  ot, 

«V4g 
Oionizaisvvi.  gal\-ano.  737 
OxAgm.  oxv«i*ed.  647 
Oxomicvl  .^vygen.  647 

(.iencral  properties  ot,  648 

PaILVLYsISs  45J 

Acce4.«ories  to  eiectrical  treatment  o^  461 

Time  k-4  bcpnning  treatment  in,  461 

Cl»s.*i!ication,  453 

Rhoumatu;,  4V2 

I«ad.  4;;- 

SyphilitK-.  455 

From  opium  poisoning,  454 

H>-steTv-aL  455 

Central,  45S 

Gk>ss.>-i>hjuryi>geal.  464 

Spituil  scicTOi*:,  474 

Infantile,  55a 

Penpherai  4^7 

Facial,  4f7 

Fr.na  pressure.  470 

ReiWv  4:* 

CaloriJk-.  4-3 

pT\>cTe.^»-e  myo-«deit»ic  483 

Aiiians  404 
Pam  of  raijoer.  rdief  oC  by  gahranifitinn,  7x4 
Palsy,  shakmc.  4C>4 
Paraplecu.  4fe 

FievTrv>->ii*ST»c«i4»  466 

1  re^annesu  4^t 

PjVVIKlTijs  4^" 

Pare»i>  v^l  mu'*.Tc«  o!  eye,  «Si 

Ot  i4a.id«T.  565  ■ 
Partial  oavencs.  39 


Patholog)',  electro.  a68 

Pathophobia,  403 

Pessaries,  intra-uterine,  gahraniCi  543 

Peut  mal,  500 

Pectoris  angina,  616 

Pfluegcr's  law  of  contraction,  S04 

Photophobia,  587 

Physiognomy,  electro,  153 

Physiology,  electrb,  87 

Pile,  voltaic,  30 

Dry,  40 
Piles,  570 

Plexus  ner\-e  current,  341 
Pneumogastric,  gahraiuiation  oC  337 

Action  of  dectricity  on,  ziO 
Poles,  how  to  distinguish.  307 
j  Podalgia,  741 

Potential  of  the  electric  current,  68 
I  Pobritj-  of  the  circuit,  33 
Polarity-  of  magnets.  3 

Of  dectricity-.  37 
Polarization  of  dectrodes,  31 
Post-partum  hcmonhage,  604 
Polypi,  703 

Positive  modification,  loa 
Pott's  disea.se,  7^3 

Primary-  coiL  object  of  the  iron  core  10^  ST 
Primary  and  secondary  coils,  diflJOCntBU  aCtiaB  4^ 

X44 
Probe,  electric,  734 
Pityriasis,  510 
Pn>gressi\-e  muscular  atrophy,  476 

Electro-diagnosis,  478 
I  Treatment.  478 

I  Case  of.  479 

Muscular  hypertrDphy,  48a 

M>-o-sclerosic  paral)-sis,  48a 
Prolapsus  uicri.  543 

Ani.  570 
Prostate,  enlargement  ot  569 
Prurigo,  508 
Ptoriaus  5«o 
Pseudo  hyi^rrtrophic  paralysis,  48a 

arthrosis,  73a 
Ptosis.  5&5 

QvAUTATtx-E  changes.  397 
Ouantitatiie  changes.  3Q7 
Quantitv  v.if  the  do-tric  current,  74 

A\  >...!u:e  and  actual.  74 
Qtiadrant  dectn.-iDeter.  Tboaptoa's,  t6 

Rapcliiti:,  Da.  C.  R-  t-iers  of  animal  electncityt 

Reacti>«  t>f  dc^^arntxioo,  397 

Rectum.  !«:uThu>  cL  710 

Revt«.<rj::\>e  cfiec:  ol   dectriatiaa  on   niuUiy 

mascses  is? 
RemaL.  and  I Aichenae.  33S 
ReAr\  effects  .if  dectnaty.  aoo 
Remak'<>  ^..'Yanii:  apparatus,  3*9 
ResisuiKv.  Ja 

Ktfe>.-t>  cf  tempesatDR  on,  83 
Recrum.  di^^ases  ot  taS 
Reltex  ne-ural^ia.  444 
rirAS>r<»  473 
Resur.;-;tati  r..  t-r- 

Resu*,r:t-n.->r.  .^''  ae»-bec«  cinldrca,  614 
Re^pirin.tf-..  ara6cui.  664 
Rear.a.  .^^V-t^jilm-xoo^  exaaaamtiaas  a(  < 

gxvir  jitj  c  .■•  si-mpathetic.  ia4 
Rhev>.:;;:  o:  Mi>'eT  and  Wolfl;  317 

H\drv^  5:- 
Rhevc.^enc,  «? 
Rheurr.\rK  pjiraS-sas.  45s 

1 7ea::T*Tl.  488 
Rbcwutzucs.  «i  3 
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Rheostat,  4a 

Rhinitis,  644 

Ringworm,  513 

Rotation,  magnetisin  o(  6a 

Rosaccit,  acne,  510 

RuhmkorfTs  coil,  58 

Rubber  covers  for  conducting  Wires,  325 

5k:iATiCA,  cases  of^  441 

SdrrhuA,  709 

Sclerosis,  spinal,  474 

Sea-sickness.  527 

Secondary  and  primary  coils,  difierential  action  ot, 

144 
Sclerodemia.  513 

Sensor>-  nerves,  action  of  electricity  on,  141 
Seminal  emissians,  559 
Sen«ibility.  electro-musctilar,  148,  27a 
Sequelae  of  acute  diseases,  6a8 

CerebnKspinal  meningitis,  630 

Diphtheria,  6a8 

T>'pho-malarial  fever,  63a 
_  Sunstroke,  633 
Shaking  palsy,  494 
Shape  of  magnets,  6 

Shortening  of  muscles  during  a  contraction,  146 
Siemens- Meidinger  battery,  338 
Siemens  rheostat,  317 
Single  coil  and  separate  coil  faiadic  machines, 

aga 
Sick  headache,  433 

Cwe  of,  433 
Smguhus.  498 
Sinuses,  726 
Skin,  diseases  of,  501 

Treatment  of,  503 

Eczema,  505 

Prurigo,  508 

Lichen.  509 

Anaesthesia,  509 

Acne,  509 

Rosacea,  510 

Psoriasis,  510 

Pit>-riasis,  510 

Herpes.  511 

Ringx^-orm.  513 

Scleroderma,  513 

Chromatogenous  diseases,  5^4 

Leucoilerma,  514 

Melanoderma,  514 

Elephantiasis,  514 

Alopecia,  515 
Smee's  battery,  36 
Solenoids  5a 
Spark,  electric,  14 
Spasmodic  stricture,  734 
Spasms  of  the  eyelid,  587 

Facial,  49^ 
Spasmus  gbttidis.  577 
Spasmodic  diseases,  490 
Spcrmaturrhuea,  5^ 
Sphincter,  paralysis  of,  570 
Sphymugraph,  experiments  with,  t»3 
Spinal  congestion.  421 

Case  of.  4aa 

Cord,  direct  electrization  o(  1x4 

Current,  341 

Root  current,  341 

Cord,  plexus  current,  34X 

Nerve  current,  341 

Muscle  current,  341 

Curvature.  73a 
Spinal  irriution.  408 

Differential  diagnosis,  408 

Pathology,  409 

Treatment,  410 

Prognosis,  410 

Ca*esoi;4io 


Spinal  sclerosic  paralysis,  474 
I  Spine,  galvanization  of,  338 

Spondylitis..  73a 
I  Sprains  73» 
Stammering,  499 
Statical  electricity,  8,  390 

Induction,  10 

Era  oC  199 
I  Use  of,  390 

'  Stenosis  of  the  uterine  canal,  54a 
Stdhrer,  apparatus  of,  327 
Stohrer's  zinc-carbon  battery,  338 
Stomach,  action  of  electricity  on,  158 
Strabismus,  588 
I  Strain,  731 
I  Stricture  of  the  urethra,  7ai 

Cases  of,  7aa 

Of  the  oesophagus,  735 

Spasmodic,  7a4_ 
Stumps  after  amputation,  739 
Subinvolution  of  the  uterus,  539 
Suggestiors  in  regard  to  the  therapeutical  uses  of 

el«:iricity,  aa6 
Superinvolution  of  the  uterus,  ^ 
Sympathetic,  action  of  electricity  on  cranial  pof 
tionof,  118 

Ner»e,  action  of  electricity  on,  116 

Galvanization  of,  336 

Action  of  electricity  on  the  cephalic,  thoradc 
and  abdominal  ganglia  of^  119 
Sunstroke,  633 
Suppression  of  urine,  640 
Surgery,  electro,  655 

History  o^  655 
Synovitis,  7a9 

Case  of,  7a9 
Syphilis,  569 
Talipks,  733 
Tejoperature  of  electrodes  and  operating-room,  84s 

Increase  of,  after  electrization,  149 
Tension  of  the  electric  current,  68 
Tetanus,  498 
Thermo-electricity,  63 

Electric  latteries,  63 
Thomas,  on  extra-uterine  pregnancy,  605 
Thomson's  quadrant  electrometer,  16 
Throat,  applications  to,  in  general  faradizatioii, 

353 
Tic-douloureux,  434 
Tinnitus  aurium,  597 

Galvanization  of  sympathetic  in,  598 
Tonics,  definition  of,  a  18 
Tonic  effects  of  electricity.  ai8 

In  general  faradization,  364 
Toothache,  647 
Torticollis,    40a 

Diagnosis  of,  49a 

Electric  examination  of,  493 

Treatment  of,  493 

Prognosis,  493 

Cases  of.  493 
Trowbridge,  expenmenu  of,  95 
Trocar,  Duchenne's,  55a 

Noeggerath's,  55a 
Tschiriew,  on  cutaneous  excitabiuty,  11  x 
Tubercula  quadrigemina,  direct  electriiatioa  O^ 

124 

Tumors,  removal  of,  by  galvawxaulerjr,  683 

Non-malignant,  6a6 

Erectile,  626 

Malignant,  686 

Cystic.  693 

Fatty,  70X 

Ovarian,  701 
Typho-malarial  fever,  lequebe  ti,  tfja 
Ulckrs,  7a6 
Unit,  65 
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Unpolarizable  electrodei,  yts 
Ununited  fracture,  733 
Urethra,  strictures  of,  fax 

Cases  oC  733 

H^peraestnesia  of^  561 
Urethritu,  chronic,  568 
Urine,  incontinence  of,  551 

Supptvssion  of,  640 
Uterine  electrode,  531 
Uterus,  faradization  of^  530 

Diseases  o(,  pronosi*  in,  599 

Enlargements  of,  543 

Prolapsus,  54a 

Anteflexion  of|  54a 

Retroflexion  ofl  54a 

Retroversion  o^  543 

Anteversion  of,  543 

Amputation  of  neck  U,  hj  cnhawxtutery, 

Congestion  of,  54a 
Displacetneat  M,  54a 

Fibroi<b  of,  6^ 
Uteri  prdapsus,  cases  <£,  549 


Vaginal  electrode,  533 

Varicose  veins,  716 

Veins,  varicose,  716 

Vitreous  humor,  opacities  of,  587 

Viscera,  abdominal,  localized  electriaition  O^  518 

Volta  constructs  the  voltaic  pile,  30 

Voltt's  researches,  43 

Voltaic  pile,  30 

Volunury  muides,  action  of  dcctridty  oa,  X41 

Vomiting,  $26, 551 

Volta  meter,  40 

Waucbic's  single  ceil  BBecMrboD  battery,  35 

Wart's,  733 

Water  rheostat,  317 

Wesley,  Mr.,  aox 

Wires  conducting,  rubber  corer  fiir,  315 

Whooping-cou(^,  551 

WoUaston's  battery.  3S 

Women,  diseases  ci,  539 

Writer's  cramp,  490 

Wry  neck,  493 

Zincs,  bow  to  amalgamatei  ad 


